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(57) ABSTRACT 

A control apparatus for controlling a driver driving an optical 
element of an image pickup device to adjust a focus position 
of the image pickup device in the capturing of an image of a 
Subject, includes a relative angle variation calculating unit for 
calculating a relative angle variation, a mode change detect 
ing unit for detecting of a change of a mode of the relative 
angle variation through determining whether the mode of the 
relative angle variation, calculated by the relative angle varia 
tion calculating unit, is a stable mode involving a small 
amount of change or an unstable mode involving a large 
amount of change, and a focus position control process star 
tup unit for managing a startup of a focus position control 
process controlling the focus position through controlling the 
driver in response to a pattern of the change of the mode 
detected by the mode change detecting unit. 

18 Claims, 19 Drawing Sheets 
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1. 

CONTROL APPARATUS, CONTROL 
METHOD, COMPUTER PROGRAM, AND 

CAMERA 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present invention contains Subject matter related to 
Japanese Patent Application JP 2005-118318 filed in the 
Japanese Patent Office on Apr. 15, 2005, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a control apparatus, a con 

trol method, a computer program, and a camera. More par 
ticularly, the present invention relates to a control apparatus, 
a control method, a computer program, and a camera for 
reducing an amount of process in an auto-focusing operation. 

2. Description of the Related Art 
Known image pickup apparatuses are typically provided 

with an auto-focus (AF) function to automatically focus on a 
subject. International Patent Publication No. WO 97/25812 
discloses a technique of AF process that detects a contrast of 
a captured image of a subject, and adjusts the position of a 
lens to reach the highest contrast (image processing tech 
nique). 
The image pickup apparatus calculates an evaluation value, 

as a parameter evaluating an out-of-focus level of an image, 
within a predetermined area (evaluation frame) in a captured 
image from the contrast of the image (for example, high 
frequency component of aluminance value), searches for the 
maximum evaluation value (peak value) while shifting focus 
position, and focuses on the Subject at a position where the 
peak value is attained. In this way, the image pickup apparatus 
is accurately in focus on the subject within the field of view 
thereof. 

The AF process is started when a user presses a shutter 
button half the stroke thereof, and is completed when the 
captured image is determined to be in focus on the Subject. 
Such an AF process that is performed each time the user 
issues a command is referred to as a one-shot AF process. 
An image pickup apparatus, such as a video camera, per 

forms the AF process without any command from the user. 
Such an image pickup apparatus repeatedly performs condi 
tion determination operations in the AF process, and starts the 
above-referenced one-shot AF process when a predetermined 
condition is satisfied. One of startup conditions is a change in 
an evaluation value of contrast. For example, an image pickup 
apparatus evaluates an out-of-focus level of an image (high 
frequency component of a luminance value) within a prede 
termined area (evaluation frame) in a captured image from the 
contrast of the image, and starts the one-shot AF process 
when a change in the evaluation value becomes equal to or 
above a threshold value. The image pickup apparatus canthus 
continuously be in focus on a Subject within the evaluation 
frame by evaluating the out-of-focus level of the captured 
image and controlling the AF process based on the evaluation 
value. 
A variety of methods of performing appropriately the AF 

process are contemplated. For example, Japanese Unexam 
ined Patent Application Publication No. 10-215403 discloses 
one technique in which a lens is wobbled within a tiny range 
to efficiently search for an optimum focus position and, and 
the direction of movement of the lens is determined based on 
an evaluation value of the captured image. Japanese Unex 
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2 
amined Patent Application Publication No. 10-161016 dis 
closes another technique. According to the disclosure, the 
size of an evaluation frame over which an evaluation value is 
calculated is modified based on conditions so that an opti 
mum AF process is performed within a wide range of photo 
graphing conditions. 

In Such image processing type AF processes, the image 
pickup apparatus moves the lens to be in focus on the Subject 
while viewing the captured image. A length of time is thus 
required before the AF process is completed (with in-focus 
state reached). For example, when the image pickup appara 
tus changes the direction of photographing (during panning 
or tilting), the Subject within the evaluation frame Succes 
sively changes. From when the image pickup apparatus deter 
mines that the in-focus state to the subject has been reached in 
the AF process to when the AF process is actually completed 
by moving a lens to the in-focus state, distance to the Subject 
photographed in the evaluation frame can vary, leading to an 
unsuccessful focusing operation. 
As shown in FIG. 1A, a camera 1 now pans, Successively 

photographing a subject A, a Subject B, and a Subject C as 
represented by an arrow-headed curve line 2. Each of the 
distance 3 from the camera 1 to the subject A and the distance 
5 from the camera 1 to the subject C is shorter than the 
distance 4 from the camera 1 to the subject B. The evaluation 
value of the image captured by the camera 1 during panning 
changes as represented by a plot 6 of FIG. 1B. 
The distance 4 is longer than the distance 3. The evaluation 

value substantially drops at time t2 the subject B is photo 
graphed within the evaluation frame, and the AF process is 
thus started. The panning continues, and the Subject C is 
photographed in the evaluation frame when the lens driving is 
almost ended. More specifically, the camera 1 fails to be in 
focus on the Subject C with the focus position remaining in 
alignment with the distance 4. At time t3 thereafter, the evalu 
ation value becomes Stabilized, keeping the AF process 
untriggered. The image is thus captured with the Subject C out 
of focus. The same is true of a tilting operation. 

Out-of-focus problems also take place in cases other than 
the panning and tilting operations. As shown in FIG. 2A, a 
Subject 12 is photographed in an evaluation frame 11 in a 
photographing frame 10. The subject 12 now repeatedly 
enters and the leaves the evaluation frame 11 as a result of 
wind, thereby swinging laterally rather than fore and aft. The 
evaluation value thus greatly varies as represented by a plot of 
FIG. 2B. The AF process is frequently started. In the AF 
process, lens is driven, causing the focus position to be 
moved. As a result, the captured image is hard to view and the 
focus position remains unstable. 

SUMMARY OF THE INVENTION 

The controlling of a focus position at fine steps with a lens 
wobbled is contemplated to overcome the above-mentioned 
problems. In the AF process, the lens is initially driven at fine 
steps (i.e., wobbled) to determine the direction of lens driving 
(i.e., to determine whether to drive the lens in a forward 
direction or a backward direction to achieve in-focus state). 
The lens driving direction is thus determined as a result of 
wobbling, and the lens is then actually driven in the deter 
mined direction. 
By performing the wobbling operation frequently, a focus 

position control process is performed before a subject 
becomes too out-of-focus. With this arrangement, a process 
time required to perform the focus position control is thus 
Substantially reduced. Even in the case of the panning opera 
tion (also in the case of the tilting operation) as shown in FIG. 
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1A, the camera is set successively to be in focus on the Subject 
A, the subject B, and then the subject C. In the case of 
professional cameras with large and heavy lenses, however, 
the wobbling speed is slow and the panning (tilting) speed is 
also slow. The effectiveness of such a technique cannot be 
sufficiently exploited. 
The professional camera is typically used for a long period 

of time. In comparison with ordinary cameras, the profes 
sional camera is used in severe environments. If the wobbling 
operation is constantly performed under a severe environ 
ment, the camera can be damaged soon, leading to a short 
service life. 

In the case of FIGS. 2A and 2B, the wobbling operation is 
repeated and the focus position is finely vibrated. If the cam 
era takes a high-definition picture, an even fine vibration in 
the focus position becomes pronounced in the high-definition 
picture. Image quality thus drops, causing a viewer to feel odd 
about the photographed image. 
The size of the evaluation frame can be enlarged not to start 

up the AF process in FIGS. 2A and 2B. For example, the 
entire photographing frame 10 is set as the evaluation frame. 
The startup of the AF process is thus prevented because the 
evaluation value of the camera is not changed even if the 
subject 12 is swung across the evaluation frame. With this 
arrangement, the user cannot control the camera as to where 
to focus on within the photographing frame 10. The photo 
graphing operation may become difficult. 

Another method can be contemplated to adaptively control 
the AF process with the evaluation frame set to be variable in 
accordance with the (Swinging) motion of the Subject. How 
ever, it is still difficult to switch the evaluation frame in a 
manner free from any problem, and a controller (control 
process) with a complex structure is obviously needed, lead 
ing to a Substantial increase in manufacturing costs. 

It is thus desirable to reduce an auto-focus process with 
unnecessary portion thereofeliminated. 

In accordance with one embodiment of the present inven 
tion, a control apparatus includes a relative angle variation 
calculating unit for calculating a relative angle variation, the 
relative angle variation being a change per unit time of a 
relative angle of an image pickup device with respect to a 
Subject, a mode change detecting unit for detecting of a 
change of a mode of the relative angle variation through 
determining whether the mode of the relative angle variation, 
calculated by the relative angle variation calculating unit, is a 
stable mode involving a small amount of change or an 
unstable mode involving a large amount of change, and a 
focus position control process startup unit for managing a 
startup of a focus position control process, the focus position 
control process for controlling the focus position through 
controlling a driver in response to a pattern of the change of 
the mode detected by the mode change detecting unit. 

Preferably, the control apparatus further includes a focus 
position control process executing unit for executing the 
focus position control process started by the focus position 
control process startup unit. 

Preferably, the focus position control process startup unit 
starts the focus position control process if the change of the 
mode detected by the mode change detecting unit is a change 
from the unstable mode to the stable mode. 

Preferably, the focus position control process startup unit 
starts the focus position control process only if the change of 
the mode detected by the mode change detecting unit is a 
change from the unstable mode to the stable mode. 
The relative angle variation calculating unit includes an 

in-field integrated luminance value calculator for calculating 
an in-field integrated luminance value through integrating a 
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4 
luminance value of each pixel of the captured image of the 
Subject within a field, a mean value calculator for calculating 
the mean value of the in-field integrated luminance values, 
calculated by the in-field integrated luminance value calcu 
lator, within a time range having a predetermined time length, 
a difference calculator for calculating a difference value 
between the mean value of a first time range, equal to the time 
range having the predetermined time length, containing the 
current field and the mean value of a second time range 
immediately prior to the first time range, each mean value 
calculated by the mean value calculator, and a normalizer for 
normalizing the difference value, calculated by the difference 
calculator, with the in-field integrated luminance value of the 
current field and the length of the time range, and handling the 
normalized difference value as the relative angle variation. 

Preferably, the in-field integrated luminance value calcu 
lator integrates the luminance values in a predetermined area 
in the captured image and handles the resulting value as the 
in-field integrated luminance value. 

Preferably, the predetermined area is set up independently 
ofan area over which a parameter for use in the focus position 
control process is calculated. 

Preferably, the predetermined area contains an area over 
which a parameter for use in the focus position control pro 
cess is calculated. 

Preferably, the predetermined area is the entire captured 
image. 

Preferably, the mode change detecting unit includes a 
mode determiner for comparing the relative angle variation, 
calculated by the relative angle variation calculating unit, 
with a predetermined threshold value, and determining that 
the mode is a stable mode if the relative angle variation is 
smaller than the predetermined threshold value and determin 
ing that the mode is an unstable mode if the relative angle 
variation is equal to or greater than the predetermined thresh 
old value, an update verifier for verifying, based on the deter 
mination result of the mode determining unit, whether the 
setting of the mode is updated, and a mode change pattern 
determiner for determining the pattern of the change of the 
mode at the updating of the mode setting verified by the 
update verifier. 

Preferably, the control apparatus further includes an evalu 
ation value calculating unit for calculating an evaluation 
value, evaluating an out-of-focus level of the captured image 
of the Subject, as a parameter for the focus position control 
process, and an evaluation value change detecting unit for 
detecting a change in the evaluation value calculated by the 
evaluation value calculating unit. The focus position control 
process startup unit starts the focus position control process in 
response to the change in the evaluation value detected by the 
evaluation value change detecting unit even if the mode 
change detecting unit does not detect a change in the mode 
with the mode remaining to be the stable mode. 

Preferably, the evaluation value change detecting unit 
includes an evaluation value addition calculator for adding 
the evaluation values, calculated by the evaluation value cal 
culating unit, in each predetermined time range, a reference 
addition result storage for storing, as a reference addition 
result, an addition result obtained at the shifting from the 
unstable mode to the stable mode, from among the addition 
results obtained as a result of addition performed by the 
evaluation value addition calculator, an evaluation value 
variation rate calculator for calculating an evaluation value 
variation rate based on the addition result provided by the 
evaluation value addition calculator and the reference addi 
tion result stored on the reference addition result storage, and 
an evaluation value variation rate determiner for determining 
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whether to start the focus position control process, based on 
the evaluation value variation rate calculated by the evalua 
tion value variation rate calculator. 

Preferably, the control apparatus further includes an inte 
grated luminance value change detecting unit for detecting a 
change in an in-field integrated luminance value based on the 
in-field integrated luminance value calculated by the relative 
angle variation calculating unit. The focus position control 
process startup unit starts the focus position control process in 
response to the change in the in-field integrated luminance 
value detected by the integrated luminance value change 
detecting unit even if the mode change detecting unit detects 
no change in mode with the mode remaining to be the stable 
mode. 

Preferably, the integrated luminance value change detect 
ing unit includes a latest in-field integrated luminance value 
acquisition unit for acquiring the latest in-field integrated 
luminance value calculated by the relative angle variation 
calculating unit, a reference in-field integrated luminance 
value storage for storing, as a reference in-field integrated 
luminance value, the in-field integrated luminance value 
obtained at the shifting from the unstable mode to the stable 
mode, from among the in-field integrated luminance values 
acquired by the latest in-field integrated luminance value 
acquisition unit, an integrated luminance value variation rate 
calculator for calculating an integrated luminance value 
variation rate as a variation rate of the in-field integrated 
luminance value, based on the latest in-field integrated lumi 
nance value acquired by the latest in-field integrated lumi 
nance value acquisition unit and the reference in-field inte 
grated luminance value stored on the reference in-field 
integrated luminance value storage, and an integrated lumi 
nance value variation rate determiner for determining 
whether to start the focus position control process, based on 
the integrated luminance value variation rate calculated by 
the integrated luminance value variation rate calculator. 

In accordance with another embodiment of the present 
invention, a control method includes a relative angle variation 
calculating step of calculating a relative angle variation, 
based on the captured image of the Subject provided by an 
image pickup device, the relative angle variation being a 
change per unit time of a relative angle of the image pickup 
device with respect to a subject, a mode change detecting step 
of detecting of a change of a mode of the relative angle 
variation through determining whether the mode of the rela 
tive angle variation, calculated in the relative angle variation 
calculation step, is a stable mode involving a small amount of 
change or an unstable mode involving a large amount of 
change, a startup determination step of determining whether 
to start a focus position control process, the focus position 
control process for controlling the focus position through 
controlling a driver in response to a change pattern of the 
change of the mode detected in the mode change detecting 
step, and a focus position control process startup step of 
starting the focus position control process based on the deter 
mination result of the start determination step in order to 
cause the driver to adjust the focus position. 

In accordance with yet another embodiment of the present 
invention, a computer program product includes a relative 
angle variation calculating step of calculating a relative angle 
variation, based on a captured image of a Subject provided by 
an image pickup device, the relative angle variation being a 
change per unit time of a relative angle of the image pickup 
device with respect to the Subject, a mode change detecting 
step of detecting of a change of a mode of the relative angle 
variation through determining whether the mode of the rela 
tive angle variation, calculated in the relative angle variation 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
calculation step, is a stable mode involving a small amount of 
change or an unstable mode involving a large amount of 
change, a startup determination step of determining whether 
to start a focus position control process, the focus position 
control process for controlling the focus position through 
controlling a driver in response to a change pattern of the 
change of the mode detected in the mode change detecting 
step, and a focus position control process startup step of 
starting the focus position control process based on the deter 
mination result of the start determination step in order to 
cause the driver to adjust the focus position. 

In accordance with a further embodiment of the present 
invention, a camera includes a relative angle variation calcu 
lating unit for calculating a relative angle variation, the rela 
tive angle variation being a change per unit time of a relative 
angle of an image pickup device with respect to a subject, a 
mode change detecting unit for detecting of a change of a 
mode of the relative angle variation through determining 
whether the mode of the relative angle variation, calculated 
by the relative angle variation calculating unit, is a stable 
mode involving a small amount of change or an unstable 
mode involving a large amount of change, a focus position 
control process startup unit for managing a startup of a focus 
position control process, the focus position control process 
for controlling the focus position through controlling the 
driver in response to a pattern of the change of the mode 
detected by the mode change detecting unit, and a focus 
position control process executing unit for executing the 
focus position control process, started by the focus position 
control process startup unit, the focus position control process 
controlling a driver to control the focus position. 

In accordance with embodiments of the present invention, 
the relative angle variation is calculated, and the determina 
tion of whether the mode of the relative angle variation is a 
stable mode involving a small amount of change or an 
unstable mode involving a large amount of change is per 
formed. The change of the mode is detected based on the 
determination result. The focus position control process is 
started depending on the pattern of the change of the mode. 

In accordance with embodiments of the present invention, 
an unnecessary portion of the auto-focus process is easily 
eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B illustrate an example of a known auto 
focus process; 

FIGS. 2A and 2B illustrate another example of known 
auto-focus process; 

FIG. 3 is a block diagram of an image pickup apparatus in 
accordance with one embodiment of the present invention; 

FIG. 4 is a block diagram illustrating in detail an AF startup 
controller of FIG. 3; 

FIG. 5 diagrammatically illustrates a mode shifting deter 
mination and an AF process; 

FIGS. 6A and 6B illustrate one example of AF startup 
control process of the image pickup apparatus of FIG. 3; 

FIGS. 7A and 7B illustrate another example of AF startup 
process of the image pickup apparatus of FIG. 3; 

FIG. 8 is a flowchart illustrating an AF startup control 
process; 

FIG. 9 is a flowchart illustrating a relative angle variation 
calculation process; 

FIG. 10 is a flowchart illustrating a mode change detection 
process; 
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FIG. 11 illustrates the structure of an image pickup appa 
ratus in accordance with another embodiment of the present 
invention; 

FIG. 12 is a block diagram illustrating in detail an AF 
startup controller of FIG. 11; 

FIGS. 13A and 13B illustrate an AF startup control process 
of the image pickup apparatus of FIG. 11; 

FIG. 14 is a flowchart illustrating an AF startup control 
process; 

FIG. 15 is a flowchart illustrating in detail a evaluation 
value change detection process; 

FIG. 16 is a block diagram illustrating another example of 
the AF startup controller of FIG.3: 

FIGS. 17A and 17B illustrate yet another example of the 
AF startup controller of FIG.3: 

FIG. 18 is a flowchart illustrating a further example of the 
AF startup controller; 

FIG. 19 is a flowchart illustrating in detail an in-field inte 
grated luminance value change detection process. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before describing an embodiment of the present invention, 
the correspondence between the features of the claims and the 
specific elements disclosed in an embodiment of the present 
invention is discussed below. This description is intended to 
assure that embodiments Supporting the claimed invention 
are described in this specification. Thus, even if an element in 
the following embodiments is not described as relating to a 
certain feature of the present invention, that does not neces 
sarily mean that the element does not relate to that feature of 
the claims. Conversely, even if an element is described herein 
as relating to a certain feature of the claims, that does not 
necessarily mean that the element does not relate to other 
features of the claims. 

Furthermore, this description should not be construed as 
restricting that all the aspects of the invention disclosed in the 
embodiments are described in the claims. That is, the descrip 
tion does not deny the existence of aspects of the present 
invention that are described in the embodiments but not 
claimed in the invention of this application, i.e., the existence 
of aspects of the present invention that in future may be 
claimed by a divisional application, or that may be addition 
ally claimed through amendments. 

In accordance with one embodiment of the present inven 
tion, a control apparatus (for example, an AF controller 53 of 
FIG.3) controls a driver (for example, an AF driver 51 of FIG. 
3) driving an optical element (for example, a focusing lens 61 
and a wobbling lens 62 of FIG. 3) of an image pickup device 
(for example, an image pickup apparatus 50 of FIG. 3) to 
adjust a focus position of the image pickup device in the 
capturing of an image of a subject. The control apparatus 
includes a relative angle variation calculating unit (for 
example, an relative angle variation calculator 121 of FIG. 4) 
for calculating a relative angle variation, the relative angle 
variation being a change per unit time of a relative angle of the 
image pickup device with respect to the Subject, a mode 
change detecting unit (for example, a mode change detector 
122 of FIG. 4) for detecting of a change of a mode of the 
relative angle variation through determining whether the 
mode of the relative angle variation, calculated by the relative 
angle variation calculating unit, is a stable mode involving a 
Small amount of change oran unstable mode involving a large 
amount of change, and a focus position control process star 
tup unit (for example, an AF startup command output unit 123 
of FIG. 4) for managing a startup of a focus position control 
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8 
process, the focus position control process for controlling the 
focus position through controlling the driver in response to a 
pattern of the change of the mode detected by the mode 
change detecting unit. 
The control apparatus further includes a focus position 

control process executing unit (for example, an AF control 
processor 83 of FIG. 3) for executing the focus position 
control process started by the focus position control process 
startup unit. 
The relative angle variation calculating unit includes an 

in-field integrated luminance value calculator (for example, 
an in-field integrated luminance value calculator 131 of FIG. 
4) for calculating an in-field integrated luminance value 
through integrating a luminance value of each pixel of the 
captured image of the Subject within a field, a mean value 
calculator (for example, a period mean integrated luminance 
value calculator 133 of FIG. 4) for calculating the mean value 
of the in-field integrated luminance values, calculated by the 
in-field integrated luminance value calculator, within a time 
range having a predetermined time length, a difference cal 
culator (for example, a difference calculator 135 of FIG. 4) 
for calculating a difference value between the mean value of 
a first time range, equal to the time range having the prede 
termined time length, containing the current field and the 
mean value of a second time range immediately prior to the 
first time range, each mean value calculated by the mean 
value calculator, and a normalizer (for example, a normalizer 
136 of FIG. 4) for normalizing the difference value, calcu 
lated by the difference calculator, with the in-field integrated 
luminance value of the current field and the length of the time 
range, and handling the normalized difference value as the 
relative angle variation. 
The mode change detecting unit includes a mode deter 

miner (for example, a mode determiner 141 of FIG. 4) for 
comparing the relative angle variation, calculated by the rela 
tive angle variation calculating unit, with a predetermined 
threshold value, and determining that the mode is a stable 
mode if the relative angle variation is smaller than the prede 
termined threshold value and determining that the mode is an 
unstable mode if the relative angle variation is equal to or 
greater than the predetermined threshold value, an update 
verifier (for example, an update verifier 144 of FIG. 4) for 
verifying, based on the determination result of the mode 
determining unit, whether the setting of the mode is updated, 
and a mode change pattern determiner (for example, a mode 
change pattern determiner 146 of FIG. 4) for determining the 
pattern of the change of the mode at the updating of the mode 
setting verified by the update verifier. 
The control apparatus further includes an evaluation value 

calculating unit (for example, an evaluation value calculator 
211 of FIG. 11) for calculating an evaluation value, evaluating 
an out-of-focus level of the captured image of the Subject, as 
a parameter for the focus position control process, and an 
evaluation value change detecting unit (for example, an 
evaluation value change detector 231 of FIG. 12) for detect 
ing a change in the evaluation value calculated by the evalu 
ation value calculating unit. The focus position control pro 
cess startup unit starts the focus position control process in 
response to the change in the evaluation value detected by the 
evaluation value change detecting unit even if the mode 
change detecting unit does not detect a change in the mode 
with the mode remaining to be the stable mode. 
The evaluation value change detecting unit includes an 

evaluation value addition calculator (for example, an evalua 
tion value adder 241 of FIG. 12) for adding the evaluation 
values, calculated by the evaluation value calculating unit, in 
each predetermined time range, a reference addition result 
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storage (for example, a reference additional result holder 242 
of FIG. 12) for storing, as a reference addition result, an 
addition result obtained at the shifting from the unstable 
mode to the stable mode, from among the addition results 
obtained as a result of addition performed by the evaluation 5 
value addition calculator, an evaluation value variation rate 
calculator (for example, an evaluation value variation rate 
calculator 243 of FIG. 12) for calculating an evaluation value 
variation rate based on the addition result provided by the 
evaluation value addition calculator and the reference addi- 10 
tion result stored on the reference addition result storage, and 
an evaluation value variation rate determiner (for example, an 
evaluation value variation rate determiner 244 of FIG. 12) for 
determining whether to start the focus position control pro 
cess, based on the evaluation value variation rate calculated 15 
by the evaluation value variation rate calculator. 

The control apparatus further includes an integrated lumi 
nance value change detecting unit (for example, an integrated 
luminance value change detector 301 of FIG. 16) for detect 
ing a change in an in-field integrated luminance value based 20 
on the in-field integrated luminance value calculated by the 
relative angle variation calculating unit. The focus position 
control process startup unit starts the focus position control 
process in response to the change in the in-field integrated 
luminance value detected by the integrated luminance value 25 
change detecting unit even if the mode change detecting unit 
detects no change in mode with the mode remaining to be the 
stable mode. 
The integrated luminance value change detecting unit 

includes a latest in-field integrated luminance value acquisi- 30 
tion unit (for example, a latest in-field integrated luminance 
value acquisition unit 311 of FIG.16) for acquiring the latest 
in-field integrated luminance value calculated by the relative 
angle variation calculating unit, a reference in-field integrated 
luminance value Storage (for example, a reference in-field 35 
integrated luminance value holder 312 of FIG.16) for storing, 
as a reference in-field integrated luminance value, the in-field 
integrated luminance value obtained at the shifting from the 
unstable mode to the stable mode, from among the in-field 
integrated luminance values acquired by the latest in-field 40 
integrated luminance value acquisition unit, an integrated 
luminance value variation rate calculator (for example, an 
integrated luminance value variation rate calculator 313 of 
FIG. 16) for calculating an integrated luminance value varia 
tion rate as a variation rate of the in-field integrated luminance 45 
value, based on the latest in-field integrated luminance value 
acquired by the latest in-field integrated luminance value 
acquisition unit and the reference in-field integrated lumi 
nance value stored on the reference in-field integrated lumi 
nance value storage, and an integrated luminance value varia- 50 
tion rate determiner (for example, an integrated luminance 
value variation rate determiner 314 of FIG.16) for determin 
ing whether to start the focus position control process, based 
on the integrated luminance value variation rate calculated by 
the integrated luminance value variation rate calculator. 55 

Another embodiment of the present invention relates to a 
control method of a control apparatus (for example, an AF 
controller 53 of FIG. 3) controlling a driver (for example, an 
AF driver 51 of FIG. 3) driving an optical element (for 
example, a focusing lens 61 and a wobbling lens 62 of FIG.3) 60 
of an image pickup device (for example, an image pickup 
apparatus 50 of FIG. 3) to adjust a focus position of the image 
pickup device in the capturing of an image of a Subject. The 
control method includes a relative angle variation calculating 
step (for example, step S1 of FIG. 8) of calculating a relative 65 
angle variation, based on the captured image of the Subject 
provided by the image pickup device, the relative angle varia 

10 
tion being a change per unit time of a relative angle of the 
image pickup device with respect to the Subject, a mode 
change detecting step (for example, step S2 of FIG. 8) of 
detecting of a change of a mode of the relative angle variation 
through determining whether the mode of the relative angle 
variation, calculated in the relative angle variation calculation 
step, is a stable mode involving a small amount of change or 
an unstable mode involving a large amount of change, a 
startup determination step (for example, step S3 of FIG. 8) of 
determining whether to start a focus position control process, 
the focus position control process for controlling the focus 
position through controlling the driverin response to a change 
pattern of the change of the mode detected in the mode change 
detecting step, and a focus position control process startup 
step (for example, step S4 of FIG. 8) of starting the focus 
position control process based on the determination result of 
the start determination step in order to cause the driver to 
adjust the focus position. 

In accordance with yet another embodiment of the present 
invention, a computer program product includes the same 
process steps as those of the control method of the embodi 
ment of the present invention. 

In accordance with a further embodiment of the present 
invention, a camera (for example, an image pickup apparatus 
50 of FIG. 3) having an image pickup device (for example, a 
CCD 71 of FIG. 3) capturing an image of a subject, and a 
driver (for example, an AF driver 51 of FIG. 3) driving an 
optical element (for example, a focusing lens 61 and a wob 
bling lens 62 of FIG. 3) to adjust a focus position in the 
capturing of the image of the Subject through the image 
pickup device, includes a relative angle variation calculating 
unit (for example, a relative angle variation calculator 121 of 
FIG. 4) for calculating a relative angle variation, the relative 
angle variation being a change per unit time of a relative angle 
of the image pickup device with respect to the Subject, a mode 
change detecting unit (for example, a mode change detector 
122 of FIG. 4) for detecting of a change of a mode of the 
relative angle variation through determining whether the 
mode of the relative angle variation, calculated by the relative 
angle variation calculating unit, is a stable mode involving a 
Small amount of change oran unstable mode involving a large 
amount of change, a focus position control process startup 
unit (for example, an AF startup command output unit 123 of 
FIG. 4) for managing a startup of a focus position control 
process, the focus position control process for controlling the 
focus position through controlling the driver in response to a 
pattern of the change of the mode detected by the mode 
change detecting unit, and a focus position control process 
executing unit (for example, an AF control processor 83 of 
FIG. 3) for executing the focus position control process, 
started by the focus position control process startup unit, the 
focus position control process controlling the driver to control 
the focus position. 
The embodiments of the present invention are described 

below with reference to the drawings. 
FIG. 3 illustrates an image pickup apparatus 50 in accor 

dance with one embodiment of the present invention. 
As shown in FIG. 3, the image pickup apparatus 50 cap 

tures an image of a Subject, and acquires video data of one of 
a moving image and a still image of the Subject. The image 
pickup apparatus 50 includes an auto-focus (AF) driver 51, a 
video processor 52, and an AF controller 53. The image 
pickup apparatus 50 also records the acquired video data on a 
recording medium and outputs the video data to the outside. 
FIG.3 illustrates only elements in the image pickup apparatus 
50 related to embodiments of the present invention. 
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The AF driver 51 includes a focusing lens 61, a wobbling 
lens 62, a lens driver 63, a driver controller 64, a sensor 65, 
and a switch (SW) 66. Under the control of the AF controller 
53, the AF driver 51 drives an optical system, thereby per 
forming a focus position adjustment process on light picked 
up by the video processor 52. 

The focusinglens 61, moved along an optical axis direction 
of light incident on the video processor 52, controls a focus 
position of the incident light (focus position of a photo 
graphed image). The wobbling lens 62 is wobbled slightly 
along the optical axis direction of the light incident on the 
video processor 52 in order to move the focus position of the 
photographed image. The wobbling lens 62 is used to deter 
mine the direction of the movement of the focusing lens 61 
during a focal adjustment process (focus process). The focus 
ing lens 61 and the wobbling lens 62 may be integrated into a 
single lens unit (for example, the focusing lens 61 may be 
operated to wobble as the wobbling lens 62). 

In response to control information supplied from the driver 
controller 64, the lens driver 63 controls the focus position by 
controlling the focusing lens 61 and the wobbling lens 62 in 
position and operation (i.e., operates the focusing lens 61 and 
the wobbling lens 62 to control the focus position). As will be 
described later, the driver controller 64 is connected to an AF 
control processor 83 in the AF controller 53 via a serial bus. 
The driver controller 64 supplies the lens driver 63 with the 
control information regarding the driving of the focusing lens 
61 and the wobbling lens 62 in response to control informa 
tion including a focus control command and a wobbling con 
trol command supplied from the AF control processor 83. The 
driver controller 64 supplies the control information to the 
lens driver 63, thereby commanding the lens driver 63 to 
move the focusing lens 61 in position and cause the wobbling 
lens 62 to start the wobbling operation. 
The driver controller 64 Supplies information regarding an 

iris value and a focus position from the sensor 65 to the AF 
control processor 83 via the serial bus. The driver controller 
64 is controlled in response to the status of a switch (SW) 66. 
Only when the SW 66 is in an on state, the driver controller 64 
performs the control process and a communication process. 
When the SW 66 is in an off state, the driver controller 64 
pauses, performing no process. 
The sensor 65 senses the focus position, a Zoom position 

(focal length), and an iris value, and Supplies these pieces of 
measurement information to the AF control processor 83 via 
the driver controller 64. The SW 66 is operated by a user to 
determine whether to perform the AF process, and notifies the 
driver controller 64 of the State of the SW 66. 

The video processor 52 generates an electrical video signal 
in response to the light incident on the image pickup appara 
tus 50, and includes a charge-coupled device (CCD) 71, an 
amplifier 72 and a signal processor 73. 
The CCD 71 is an image pickup device having photoelec 

trical conversion elements such as photodiodes. The CCD 71 
photoelectrically converts the incident light entering through 
the focusing lens 61 and the wobbling lens 62, accumulates a 
charge responsive to a mount of input light, and then drains 
the charge, thereby resulting in the electrical video signal. 
The CCD 71 supplies the video signal to the amplifier 72. The 
amplifier 72 includes a correlated double sampling (CDS) 
circuit, an automatic gain control (AGC) circuit, and an ana 
log-to-digital (A/D) converter circuit. The amplifier 72 
removes reset noise in the video signal Supplied from the 
CCD 71, amplifies the video signal, converts the video signal 
in analog form to a digital video signal, and then Supplies the 
digital video signal to the signal processor 73. 
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12 
The signal processor 73 performs an auto exposure (AE) 

process, an auto white balance (AWB) process and a Y cor 
rection process on the Supplied video signal, and then Sup 
plies the resulting video signal to a Subsequent circuit stage 
while Supplying the resulting video signal to an evaluation 
value calculator 81, and an AF startup controller 82, both in 
the AF controller 53. The signal processor 73 also supplies the 
evaluation value calculator 81, and the AF startup controller 
82, with control synchronization signals including a horizon 
tal synchronization signal and a vertical synchronization sig 
nal of the video signal, and a system clock signal. 

In response to the video signal Supplied from the video 
processor 52, the AF controller 53 controls the AF driver 51, 
thereby performing a control process relating to the control of 
the AF process. The AF controller 53 includes the evaluation 
value calculator 81, the AF startup controller 82, and the AF 
control processor 83. 
The evaluation value calculator 81 calculates an evaluation 

value, evaluating an out-of-focus level of the captured image 
(video signal) based on the video signal and the synchroni 
Zation signals Supplied from the signal processor 73 in the 
video processor 52 and setting data supplied from the AF 
control processor 83. The evaluation value calculator 81 Sup 
plies the calculated evaluation value to the AF control pro 
cessor 83. 

In response to the video signal and the synchronization 
signal, both supplied from the signal processor 73, the AF 
startup controller 82 performs a control process relating to the 
startup of the AF process, and then Supplies the control result 
to the AF control processor 83. Under the control of the AF 
startup controller 82, the AF control processor 83 starts the 
AF process, executes the AF process in response to the evalu 
ation value supplied from the evaluation value calculator 81, 
and then supplies control information to the driver controller 
64 via the serial bus. The AF control processor 83 generates 
setting data regarding the calculation of the evaluation value, 
and then Supplies the setting data to the evaluation value 
calculator 81. The AF control processor 83 retrieves sensor 
information Such as the focus position and the iris value from 
the driver controller 64 via the serial bus. 

The AF controller 53 further includes a bus 90, a read-only 
memory (ROM) 91, an input unit 92, an output unit 93, a 
recording unit 94, a communication unit 95, and a drive 96. 
The AF startup controller 82 is connected to the bus 90. 
Furthermore, the AF startup controller 82 is connected to the 
ROM 91 through the drive 96 via the bus 90. 
The ROM 91 is a read-only memory, and pre-stores a 

program to be executed by the AF startup controller 82 and 
data. The program and data stored on the ROM 91 are read by 
the AF startup controller 82 via the bus 90 as necessary. The 
input unit 92, including input devices such as Switches and 
buttons, receives command information input by a user, and 
Supplies the command information to the AF Startup control 
ler 82 via the bus 90. The output unit 93 includes a display 
Such as a light-emitting diode (LED), a liquid-crystal display 
(LCD), an electroluminescent display, or the like, and an 
audio output device such as a loudspeaker. The output unit 93 
displays and outputs information Supplied from the AF Star 
tup controller 82 via the bus 90. 
The recording unit 94, including a hard disk, a semicon 

ductor memory, or the like, Stores a program to be executed by 
the AF startup controller 82 and data. The communication 
unit 95 includes a modem, a local-area network (LAN) adap 
tor, a universal serial bus (USB) interface, an institute of 
electrical and electronic engineers (IEEE) 1394 interface, a 
small computer system interface (SCSI), IEEE 802.11x adap 
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tor, or the like. The communication unit 95 communicates 
with another apparatus via a network. 

The drive 96 is a read and write processing unit loaded with 
a removable medium.97, and reads data from and writes data 
onto the removable medium 97. The removable medium 97 
includes a magnetic disk, an optical disk, a magneto-optical 
disk, a semiconductor memory, or the like. The drive 96 reads 
programs and data from the loaded removable medium 97. 
install the read program onto the recording unit 94 and Sup 
plies the read program to the AF startup controller 82 as 
necessary. The drive 96 stores programs and data, retrieved 
from the AF startup controller 82 via the bus 90, onto the 
loaded removable medium 97. 

When the process of the AF startup controller 82 is per 
formed using software, a program forming the Software is 
installed from a recording medium or via network. 
The recording medium storing the program may be the 

removable medium 97 Supplied to the user separately from 
the body of the apparatus to Supply the user with the program. 
The removable medium 97 may include one of a magnetic 
disk (including a floppy disk), an optical disk (such as com 
pact-disk read-only memory (CD-ROM), a digital versatile 
disk (DVD), or the like), a magneto-optical disk (such as 
Mini-Disk (MOR)), and a semiconductor memory. The 
recording medium also includes one of the ROM 91 and the 
recording unit 94 (including one of a hard disk and a semi 
conductor memory), each of which is Supplied in the appara 
tus body to the user. 

The operation of the apparatus is described below. 
When a photographing operation is started, the CCD 71 in 

the video processor 52 photoelectrically converts light enter 
ing through the focusing lens 61 and the wobbling lens 62 in 
the AF driver 51 along the optical axis represented by an 
arrow-headed broken line 101, thereby resulting in video 
information (video signal) in an electrical form. The CCD 71 
supplies the video signal to the amplifier 72 as represented by 
an arrow-headed solid line 102. After amplifying the video 
signal inaccordance with a predetermined method, the ampli 
fier 72 Supplies a resulting amplified video signal to the signal 
processor 73 as represented by an arrow-headed solid line 
103. The signal processor 73 performs a video process on the 
Supplied video signal and then Supplies the processed video 
signal to a Subsequent stage as represented by an arrow 
headed solid line 104A while supplying the processed video 
signal to the evaluation value calculator 81, and the AF startup 
controller 82, in the AF controller 53 as respectively repre 
sented by arrow-headed solid lines 104B and 104C. As rep 
resented by arrow-headed solid lines 105A and 105B, the 
signal processor 73 further Supplies the synchronization sig 
nal to the evaluation value calculator 81, and the AF startup 
controller 82, respectively. 

Under the control of a program stored on the ROM 91 and 
the recording unit 94, the AF startup controller 82 performs a 
control process for starting the AF process (one-shot AF 
process) based on the video signal (content of a captured 
image) Supplied from the signal processor 73. In response to 
aluminance value of the video signal, the AF startup control 
ler 82 determines whether to perform the AF process. If a 
predetermined condition is satisfied, the AF startup controller 
82 issues a command to the AF control processor 83 to start 
the AF process as represented by an arrow-headed solid line 
107. 

When the command to start the AF process is issued, the 
AF control processor 83 performs a control process of the AF 
process together with the evaluation value calculator 81 as 
represented by an arrow-headed solid line 106. 
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14 
More specifically, the evaluation value calculator 81 cal 

culates, in accordance with a predetermined calculation 
method, an evaluation value evaluating the out-of-focus level 
of a captured image corresponding to the video signal Sup 
plied from the signal processor 73, based on setting data 
supplied from the AF control processor 83 as represented by 
an arrow-headed solid line 106. The evaluation value indi 
cates the magnitude of contrast in a portion of the image area 
(evaluation frame) in a frame image, and is calculated based 
on the sum of high-frequency components of the luminance 
value in the evaluation frame. Upon having calculated the 
evaluation value, the evaluation value calculator 81 supplies 
the evaluation value to the AF control processor 83 as repre 
sented by the arrow-headed solid line 106. 
The AF control processor 83 commands the driver control 

ler 64 via the serial bus to perform a wobbling operation and 
a specific operation for the AF process based on an up/down 
trend determination. The AF control processor 83 receives the 
evaluation value Supplied from the evaluation value calcula 
tor 81 as represented by the arrow-headed solid line 106, and 
sensor information regarding a focus position and an iris 
value supplied from the driver controller 64 as represented by 
an arrow-headed solid line 108B, and performs the AF pro 
cess based on these pieces of information. 
The driver controller 64 retrieves the sensor information, 

Such as the focus position and the iris value, from the sensor 
65 as represented by an arrow-headed solid line 109, and then 
Supplies the sensor information to the AF control processor 
83 via the serial bus as represented by the arrow-headed solid 
line 108B. The driver controller 64 receives a user command 
relating to the setting of the AF process from the SW 66 as 
represented by an arrow-headed solid line 110. In response to 
the command, the driver controller 64 receives the control 
information supplied from the AF control processor 83 via the 
serial bus as represented by an arrow-headed solid line 108A. 
The driver controller 64 performs a process responsive to the 
control information. The driver controller 64 supplies, to the 
lens driver 63, lens drive control information for commanding 
lens position, etc., as represented by an arrow-headed solid 
line 111. Based on the lens drive control information, the lens 
driver 63 drives the focusing lens 61 as represented by an 
arrow-headed solid line 112, and drives the wobbling lens 62 
as represented by an arrow-headed solid line 113. 
The image pickup apparatus 50 performs the AF process in 

this way. 
FIG. 4 is a block diagram illustrating in detail the AF 

startup controller 82 in the AF controller 53. 
As shown in FIG.4, the AF startup controller 82 includes a 

relative angle variation calculator 121, a mode change detec 
tor 122, and an AF startup command output unit 123. 
The relative angle variation calculator 121 determines a 

change per period (unit time) in a relative angle of the image 
pickup apparatus 50 with respect to a subject (the relative 
angle being the relationship between the Subject and photo 
graphing direction). The change is referred to as a relative 
angle variation p0. The relative angle variation calculator 121 
includes an in-field integrated luminance value calculator 
131, an area setter 132, a period mean integrated luminance 
value calculator 133, a period mean integrated luminance 
value holder 134, a difference calculator 135, and a normal 
izer 136. 
The in-field integrated luminance value calculator 131 

integrates (Sums) the luminance value (y) of each pixel on a 
per field image (on a per frame image in the case of a pro 
gressive image), and calculates an integrated luminance value 
(in-field integrated luminance value ynow wiš fo). The in 
field integrated luminance value calculator 131 calculates the 
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integrated luminance value of the pixels in an area set by the 
area setter 132 as an in-field integrated luminance value. The 
in-field integrated luminance value calculator 131 Supplies 
the calculated in-field integrated luminance value 
ynow wiš fo to the period mean integrated luminance value 
calculator 133. 
The area setter 132 sets the area over which the in-field 

integrated luminance value calculator 131 calculates the in 
field integrated luminance valueynow wiš f(). More specifi 
cally, the in-field integrated luminance valueynow wiš fo is 
the Sum of the luminance values (integrated value) of the 
pixels within the predetermined area, the predetermined area 
being whole or part of a photographing frame. 

The in-field integrated luminance value y now wi5 ft) is 
thus an integrated luminance value perfield Supplied from the 
in-field integrated luminance value calculator 131. The 
period mean integrated luminance value calculator 133 aver 
ages the in-field integrated luminance valuesy now wiš folby 
a predetermined time (period) (for example, every N fields (N 
is a natural number)), thereby resulting in a period mean 
integrated luminance value yadd w$5 fo. The period mean 
integrated luminance value yadd wiš fo (including an 
interim calculation result) is Supplied to the period mean 
integrated luminance value holder 134 for storage. Upon 
calculating one period mean integrated luminance value 
yadd wiš fo, the period mean integrated luminance value 
calculator 133 supplies the value yadd wiš fo to the period 
mean integrated luminance value holder 134 for storage while 
also supplying the value yadd wiš fo to the difference calcu 
lator 135. 
The period mean integrated luminance value yadd wiš fo 

is the mean value of current in-field integrated luminance 
values ynow wiš fo of the latest period (N fields). More 
specifically, the period mean integrated luminance value 
yadd wiš fo is the mean value of the in-field integrated lumi 
nance valuesynow wiš fo of the fields from the field N fields 
before the current field all the way to the current field. The 
period mean integrated luminance value yadd wiš fl of the 
immediately prior field is the mean of the in-field integrated 
luminance values ynow wiš fo of the field from the field 
before the current field by N+1 fields to the field before the 
current field by two fields. 
Upon calculating the latest period mean integrated lumi 

nance value yadd wiš f() (when the mean value of one period 
is completed), the period mean integrated luminance value 
holder 134 deletes the period mean integrated luminance 
value yadd wiš fl of the immediately prior field stored here 
tofore, changes the period mean integrated luminance value 
yadd wiš fo stored heretofore as the period mean integrated 
luminance value yadd wiš fl of the immediately prior field, 
and stores the latest period mean integrated luminance value 
yadd wiš fo. The in-field integrated luminance value 
ynow wiš fo stored on the period mean integrated luminance 
value holder 134 and the period mean integrated luminance 
value yadd wiš fo in the middle of calculation thereof are 
updated on a per field basis. 

The difference calculator 135 calculates a difference value 
between the latest period mean integrated luminance value 
yadd wiš fo thus calculated and the period mean integrated 
luminance value yadd wiš fl of the immediately prior field 
acquired from the period mean integrated luminance value 
holder 134 (yadd wiš fo-yadd wiš f1) and supplies the cal 
culation result and the latest in-field integrated luminance 
value ynow wiš fo to the normalizer 136. 
The normalizer 136 normalizes the difference value Sup 

plied from the difference calculator 135 using the latest in 
field integrated luminance value ynow wiš fo and the field 
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count N of one period, and Supplies the normalized value, 
namely, a rate of change of the integrated luminance value as 
the relative angle variation p0 to a mode determiner 141 in the 
mode change detector 122. 
The relative angle variation p0 is determined using the 

following equation (1): 

yadd ws f)-yadd ws f1 (1) 

The mode change detector 122 determines a change in the 
content of a photographed image, namely, whether a mode of 
the relative angle variation has changed or not (mode change), 
based on the relative angle variation p0 calculated by the 
relative angle variation calculator 121. The mode change 
detector 122 includes the mode determiner 141, a mode flag 
142, a threshold holder 143, an update verifier 144, a mode 
updater 145, and a mode change pattern determiner 146. 
The mode determiner 141 determines the current mode 

based on the relative angle variation Supplied from the nor 
malizer136 in the relative angle variation calculator 121. The 
mode herein refers to a class into which the change in the 
content of the photographed image is categorized according 
to the degree of change. There are two modes herein, namely, 
a stable mode and an unstable mode. Depending on the mag 
nitude of the relative angle variation p0, the mode determiner 
141 determines whether a subject moves greatly with respect 
to a photographing angle of the image pickup apparatus 50 
(unstable mode) or not (stable mode). By referencing a mode 
flag 142, the mode determiner 141 identifies the mode of an 
immediately prior period, and acquires a threshold value cor 
responding to that mode from the threshold holder 143. The 
mode determiner 141 determines the mode of the current 
period from the relative angle variation using the threshold 
value. The mode determiner 141 supplies, to the update veri 
fier 144, the determination result of mode and the mode of the 
immediately prior period read from the mode flag 142. 
The mode determined by the mode determiner 141 is set in 

the mode flag 142. More specifically, the mode flag 142 is 
loaded with information (flag) indicating the stable mode or 
the unstable mode. The threshold holder 143 holds the thresh 
old values (threshold values C. and B set on a per mode basis) 
used when the mode determiner 141 determines mode. The 
threshold values held by the threshold holder 143 are values 
set by the AF startup controller 82. 
The update verifier 144 determines, based on the informa 

tion supplied from the mode determiner 141, whether mode 
has been updated or not. The update verifier 144 then supplies 
the mode updater 145 and the mode change pattern deter 
miner 146 with the determination result and the information 
regarding the mode of the current period determined by the 
mode determiner 141. 
Upon being notified of the mode update by the update 

verifier 144, the mode updater 145 updates the value of the 
mode flag 142 to set a value indicating a new mode. If a value 
indicating the stable mode has been set in the mode flag 142, 
the mode updater 145 updates the value to a value indicating 
the unstable mode. If a value indicating the unstable mode has 
been set in the mode flag 142, the mode updater 145 updates 
the value to a value indicating the stable mode. 
The mode change pattern determiner 146 determines the 

mode verified by the update verifier 144, namely, a pattern of 
the mode change. More specifically, the mode change pattern 
determiner 146 determines whether the mode is shifted from 
the stable mode to the unstable mode or from the unstable 
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mode to the stable mode, and Supplies the determination 
result to the AF startup command output unit 123. 
The AF startup command output unit 123 outputs an AF 

startup command to the AF control processor 83 based on the 
determination result of the mode change pattern determiner 
146 in the mode change detector 122. More specifically, only 
when the mode change pattern determiner 146 determines 
that the mode has shifted from the unstable mode to the stable 
mode, the AF startup command output unit 123 supplies the 
AF startup command as the control information to start the AF 
process to the AF control processor 83. 
As described above, the AF startup controller 82 calculates 

the change in the relative angle of the camera with respect to 
the subject as a parameter for controlling the startup of the AF 
process of the relative angle variation calculator 121. The 
mode change detector 122 detects the pattern of the change in 
the mode change. The AF startup command output unit 123 
outputs the startup command of the AF process to the AF 
control processor 83 in response to the mode change pattern. 

FIG. 5 diagrammatically illustrates the relationship 
between the mode shift determination and AF startup. 
As shown in FIG. 5, modes of movement in the photo 

graphing angle of the image pickup apparatus 50 with respect 
to the Subject (relative angle variation) include two modes, 
namely, a stable mode 151 and an unstable mode 152. 

Let an immediately preceding mode be the stable mode 
151. In such a case, the value indicating the stable mode 151 
is set in the mode flag 142. The mode determiner 141 refer 
ences the mode flag 142. When the mode determiner 141 
determines that the mode is the stable mode 151, the mode 
determiner 141 retrieves the threshold value C, for the stable 
mode from the threshold holder 143. The mode determiner 
141 compares the absolute value ABS p(0) of the relative 
angle variation supplied from the normalizer 136 in the rela 
tive angle variation calculator 121 (normalized difference 
value) with the threshold value C. If the absolute value of the 
relative angle variation is smaller than the threshold value C. 
the mode determiner 141 determines that the mode in a new 
period is the stable mode 151. Since the mode is the stable 
mode 151 in both the immediately preceding period and the 
current period, no mode change takes place as represented by 
an arrow-headed curved line 161. 

If the absolute value ABS (p0) of the relative angle varia 
tion is greater than the threshold value C, the mode determiner 
141 determines that the mode in the new period is the unstable 
mode 152. More specifically, as a result of mode change, the 
mode has been shifted from the stable mode 151 in the imme 
diately preceding period to the unstable mode 152 in the 
current period as represented by an arrow-headed curved line 
162. The update verifier 144 verifies that the mode has shifted 
from the stable mode 151 to the unstable mode 152 as repre 
sented by the arrow-headed curved line 162, and the mode 
updater 145 updates the value in the mode flag 142. 

Since the value indicative of the unstable mode 152 is set in 
the mode flag 142, the mode determiner 141 references the 
mode flag 142 to determine that the mode is the unstable 
mode 152. The mode determiner 141 then retrieves the 
threshold value B for the unstable mode from the threshold 
holder 143. The mode determiner 141 compares the absolute 
value ABS (p0) of the relative angle variation supplied from 
the normalizer 136 in the relative angle variation calculator 
121 (normalized difference value) with the threshold value B. 
If the absolute value ABS (p0) of the relative angle variation 
is equal to or above the threshold value B, the mode deter 
miner 141 determines that the mode in the new period is also 
the unstable mode 152. Since the modes in the immediately 
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prior period and the current period are the unstable mode 152, 
no mode change takes place as represented by an arrow 
headed curved line 163. 

If the absolute value ABS (p0) of the relative angle varia 
tion is smaller than the threshold value B, the mode deter 
miner 141 determines that the mode in the new period is the 
stable mode 151. More specifically, as a result of mode 
change, the mode has been shifted from the unstable mode 
152 in the immediately preceding period to the stable mode 
151 in the current period. The update verifier 144 verifies that 
the mode transition pattern is a shift from the unstable mode 
152 to the stable mode 151 as represented by an arrow-headed 
curved line 164. The mode updater 145 then updates the value 
of the mode flag 142. 
When the mode is shifted as one of arrow-headed curved 

lines 162 and 164, the mode change pattern determiner 146 
determines the shift direction (mode change pattern). Based 
on the determination result, the AF Startup command output 
unit 123 outputs the AF process start command to the AF 
control processor 83 only when the mode has been shifted 
from the unstable mode 152 to the stable mode 151 as repre 
sented by the arrow-headed curved line 164. 
More specifically, if the absolute value ABS (p0) of the 

relative angle variation so. (as represented by the arrow 
headed curved line 161), the absolute value ABS (p0) >C. (as 
represented by the arrow-headed curved line 162) or the abso 
lute value ABS (p0) 2B (as represented by the arrow-headed 
curved line 163), the AF process is not started. Only if the 
absolute value ABS (p0) <3 (as represented by the arrow 
headed curved line 164), the AF process is started. More 
specifically, if the mode of the relative angle variation has 
been shifted from the unstable mode 152 to the stable mode 
151 (if the change in the relative angle becomes gradually 
stabilized after a fluctuation period within which the relative 
angle greatly fluctuates), the AF process is started. 
As an example of AF Startup control process, a panning 

operation of the image pickup apparatus 50 is described 
below with reference to FIGS. 6A and 6B. 
As shown in FIG. 6A, the image pickup apparatus 50 is 

panned from right to left (in the photographing direction) to 
photographa Subject. The Subject, which was not present as a 
subject 173A in a photographed image to the left of a photo 
graphing frame 171, enters the photographing frame 171 as a 
subject 173B, and then leaves the photographing frame 171 
from the left side thereof as a subject 173C. 
An evaluation frame 172, Smaller than the photographing 

frame 171, is arranged in the center of the photographing 
frame 171. The evaluation value of the photographed image is 
calculated within the evaluation frame 172 while the in-field 
integrated luminance value is calculated within the entire 
photographing frame 171. 
When the subject enters and leaves the evaluation frame 

172 (as the subject 173B), the evaluation value changes 
greatly. When the AF process is started in response to a 
change in the evaluation value, an attempt is made to focus on 
the subject that finally leaves the photographing frame 171. 
When a focus position is shifted, the subject is not present 
within the photographing frame 171, leading to an out-of 
focus image. When the evaluation value becomes stabilized 
after the panning operation ends, the AF process is not started, 
and the photographed image remains in an out-of-focus state. 
The in-field integrated luminance value changes as plotted 

by a curve 174 of FIG. 6B when the image pickup apparatus 
50 pans as shown in FIG. 6A. As shown in FIG. 6B, the 
abscissa represents time while the ordinate represents the 
in-field integrated luminance value. For example, when the 
image pickup apparatus 50 pans from time t1 to time t2 as 
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shown in FIG. 6A, the in-field integrated luminance value 
remaining stable up to time t1 greatly changes within time 
length from time t1 to time t2. From time t2 thereafter, 
namely, from the end of the panning operation thereafter, the 
in-field integrated luminance value becomes again stabilized. 
More specifically, the image pickup apparatus 50, being 
stabled before time t1, was shifted to the unstable mode at 
time t1, and is then shifted back to the stable mode at time t2. 
When the AF startup controller 82 controls the AF startup 

control using the in-field integrated luminance value (the 
absolute value ABS (p0) of the relative angle variation calcu 
lated from the in-field integrated luminance value), the AF 
process is performed only at time t2 (at the shifting timing 
from the unstable mode to the stable mode). More specifi 
cally, the relative angle variation as a dedicated parameter 
rather than the evaluation value as a parameter controlling the 
focus position is used in the startup control for the AF process. 
The image pickup apparatus 50 (AF startup controller 82) 
easily reduces unnecessary portion of the AF process, thereby 
achieving a stable AF process. The image pickup apparatus 50 
performs the AF startup control process in this way, thereby 
controlling unnecessary focusing operation to the Subject 
(Subject 173B) during panning. The image pickup apparatus 
50 controls the out-of-focus image. The same is true of the 
tilting operation. 

In the AF startup controller 82, as described above, the 
relative angle variation calculator 121 calculates the change 
in the relative angle of the camera with respect to the subject 
as the parameter for controlling the AF process startup, the 
mode change detector 122 detects the mode change pattern of 
the change, and the AF startup command output unit 123 
outputs the startup command of the AF process to the AF 
control processor 83 based on the mode change pattern. 
As another example, the AF startup control with a subject 

Swinging within the photographing frame 171 is described 
below. 
As shown in FIG. 7A, the subject 173D Swings, thereby 

repeatedly entering and leaving the evaluation frame 172 in 
the photographing frame 171. In this case, the evaluation 
value Substantially changes. If the AF process is started in 
response to the change in the evaluation value, the AF process 
is continuously performed while the subject 173D is swing 
ing. If the AF process is performed, the focus position of the 
photographed image changes due to the wobbling operation. 
More specifically, when the subject 193D swings, the focus 
position of the photographed image continuously changes, 
causing a viewer to feel odd at the image. Particularly when 
the photographed image is a high-quality and high-definition 
image, the viewer can view a fine change in the focus position 
because of high definition. The viewer thus feels more odd at 
an unwanted change in the focus position. 

In contrast, the in-field integrated luminance value is cal 
culated over the entire photographing frame 171. Even if the 
subject 173D swings as shown in FIG. 7A, a curve 175 of 
FIG.7B does not change so much as the curve 174 of FIG. 6B. 
In FIG. 7B, the abscissa represents time and the ordinate 
represents the in-field integrated luminance value. Even the 
subject 173D swings within the photographing frame 171, the 
Sum (integrated value) of the luminance values within the 
entire photographing frame 171 does not change so much. In 
this case, the mode of the relative angle variation is always a 
stable mode. 
When the AF startup controller 82 performs the AF startup 

control process using the above-referenced in-field integrated 
luminance value (the absolute value ABS (p0) of the relative 
angle variation calculated from the in-field integrated lumi 
nance value), no AF process is started. More specifically, the 
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image pickup apparatus 50 controls fine focusing operation 
focusing on an unnecessary subject (subject 173D), thereby 
stabilizing the focus position of the photographed image. The 
generation of the odd image as a result of unnecessary change 
in the focus position is thus controlled. 
As shown in FIGS. 6A, 6B, 7A, and 7B, the in-field inte 

grated luminance value for use in the control of the AF pro 
cess startup is calculated over the entire photographing frame 
171. The evaluation value for use in the control of the focus 
position is calculated over the evaluation frame 192 being part 
of the photographing frame 171. Generally speaking, the 
smaller the evaluation frame 172, the easier the user identifies 
the subject within the evaluation frame 172, and the easier the 
focus position is controlled. By calculating these values, the 
user can easily control the focus position in the image pickup 
apparatus 50. The image pickup apparatus 50 restricts the 
unnecessary AF process, thereby stabilizing the focus posi 
tion and performing an appropriate AF startup control. 
The area of the calculation of the in-field integrated lumi 

nance value may be part of the photographing frame 171 at 
any location within the photographing frame 171. A plurality 
ofareas (over which the in-field integrated luminance value is 
calculated) can be set up within the photographing frame 171. 
The plurality of areas can partly overlap each other, and one 
area may contain another entire area therewithin among the 
plurality of areas. 
The same is true of the evaluation frame 172. The evalua 

tion frame 172 can be arranged at any location within the 
photographing frame 171. The entire photographing frame 
171 can be set up as the evaluation frame 172. A plurality of 
evaluation frames 172 can be arranged in the photographing 
frame 171. The plurality of evaluation frames 172 can partly 
overlap each other, and one evaluation frame 172 can contain 
another entire evaluation frame 172 therewithin. 
The setting of the area of the calculation of the in-field 

integrated luminance value is, in principle, independent of the 
setting of the evaluation frame 172. As previously discussed, 
the evaluation frame 172 is preferably smaller, and the area of 
the calculation of the in-field integrated luminance value is 
preferably larger in order to stabilize the focus position (not to 
respond to the Swinging motion of the Subject, for example). 

If the area of the calculation of the in-field integrated lumi 
nance value does not overlap the evaluation frame 172, the 
in-field integrated luminance value and the evaluation value 
are respectively affected by mutually different subjects. Since 
the startup of the AF process is typically controlled based on 
the movement of a subject on which the user focuses on, the 
area of the calculation of the in-field integrated luminance 
value preferably contains the evaluation frame 172. It is per 
fectly acceptable if the area of the calculation of the in-field 
integrated luminance value is intentionally set to be clear of 
the evaluation frame 172. In that case, the AF startup control 
is performed based on a change in the luminance value in 
response to the movement of a subject different from a subject 
on which the user currently focuses. 

For example, when illumination is turned on or off during 
the photographing the illumination, the luminance value 
changes. In Such a case, the AF process can be started even if 
the subject (illumination) remains stationary. When the sub 
ject (illumination) covers half the area of the photographing 
frame 171 as in wide-end photographing, the area of the 
calculation of the in-field integrated luminance value is set up 
in a portion of the photographing frame 171 where no subject 
(no illumination) is photographed (i.e., set up in a portion not 
overlapping the evaluation frame 172). In this way, the image 
pickup apparatus 50 performs the AF startup control in a 
manner free from the effect of the Switch on/off of the illu 
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mination, thereby reducing the unnecessary AF process. The 
focus position of the photographed image is thus stabilized. 
The area of the calculation of the in-field integrated lumi 

nance value may be predetermined or set to be at any location 
within the photographing frame 171 by the user during pre 
photographing session orphotographing session. In this case, 
the size and shape of the area of the calculation of the in-field 
integrated luminance value may be left to the responsibility of 
the user for setting. Furthermore, a plurality of area candi 
dates of the calculation of the in-field integrated luminance 
value can be prepared and the user can select and set any one 
from among the plurality of candidates during the pre-pho 
tographing session or the photographing session, as the area 
of the calculation of the in-field integrated luminance value. 
The same is true of the evaluation frame 172. The evaluation 
frame 172 can be a predetermined one or set flexibly by the 
user during the pre-photographing session or the photograph 
ing session. 

If the area of the calculation of the in-field integrated lumi 
nance value and the evaluation frame 172 are predetermined, 
the user can photograph in a manner freed from Such setting 
during the photographing session. If the user is permitted to 
flexibly set the area of the calculation of the in-field integrated 
luminance value and the evaluation frame 172, the user can 
set the area matching environment and photographing condi 
tions of the Subject. The image pickup apparatus 50 thus 
performs an appropriate AF process as the user intends. Fur 
thermore, the user can easily set the area by simply selecting 
the area. 

As a method of setting the area of the calculation of the 
in-field integrated luminance value, the user may set an area 
over which the in-field integrated luminance value is not 
calculated. In this case, the image pickup apparatus 50 inte 
grates the luminance value over an area other than the area 
specified by the user to calculate the in-field integrated lumi 
nance value, and performs the AF startup control using the 
resulting in-field integrated luminance value. 
The above-described processes are detailed below. The AF 

startup control process of the AF startup controller 82 is 
described below with reference to a flowchart of FIG. 8. 

Upon being Supplied with the video signal (such as a field 
image or a frame image) by the signal processor 73, the 
relative angle variation calculator 121 in the AF startup con 
troller 82 executes a relative angle variation calculation pro 
cess in step S1. The relative angle variation calculation pro 
cess will be described later with reference to a flowchart of 
FIG. 9. 

Upon completing the relative angle variation calculation 
process, the mode change detector 122 executes a mode 
change detection process in step S2. The mode change detec 
tion process will be described with reference to a flowchart of 
FIG 10. 

Upon completing the mode change detection process, the 
AF startup command output unit 123 determines in step S3 
whether to start the AF process based on the mode change 
detection process. When the mode of the relative angle varia 
tion is determined as described above as being shifted from 
the unstable mode 152 to the stable mode 151, and the AF 
process is determined as being started, the AF startup com 
mand output unit 123 outputs the AF startup command to the 
AF control processor 83 in step S4. After starting the AF 
process, the AF startup command output unit 123 completes 
the AF control process. If it is determined in step S3 that the 
mode of the relative angle variation has not been shifted from 
the unstable mode 152 to the stable mode 151, and that the AF 
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process remains to be started, the AF startup command output 
unit 123 skips step S4, thereby ending the AF startup control 
process. 
The relative angle variation calculation process to be 

executed in step S1 of FIG. 8 is described below with refer 
ence to the flowchart of FIG. 9. 
When the relative angle variation calculation process starts 

with the video signal supplied by the signal processor 73, the 
in-field integrated luminance value calculator 131 calculates 
in step S21 the integral value of the luminance values (in-field 
integrated luminance value) in a predetermined area in a field 
(the predetermined area being set up by the area setter 132 in 
the photographing frame) based on the Supplied video signal. 

In step S22, the period mean integrated luminance value 
calculator 133 calculates the mean value of the integrated 
luminance values in each period (period mean integrated 
luminance value) in cooperation with the period mean inte 
grated luminance value holder 134. In step S23, the difference 
calculator 135 calculates the difference value of the period 
mean integrated luminance value of adjacent periods (the 
latest period and the immediately prior period). In step S24, 
the normalizer 136 normalizes the difference value, calcu 
lated in step S23, with the latest in-field integrated luminance 
value and the field count, thereby determining the relative 
angle variation. Subsequent to step S24, the normalizer 136 
completes the relative angle variation calculation process, 
and returns to step S1 of FIG. 8 to perform step S2 and 
Subsequent steps. 
The mode change detection process to be executed in step 

S2 of FIG. 8 is described below with reference to the flow 
chart of FIG. 10. 
When the mode change detection process starts, the mode 

determiner 141 compares in step S41 the relative angle varia 
tion as the normalized difference value with the threshold 
value corresponding to the mode in the immediately prior 
period obtained by referencing the mode flag 142 and the 
threshold holder 143 (threshold value selected and set by the 
AF startup controller 82). In step S42, the mode determiner 
141 determines the latest mode. In step S43, the update veri 
fier 144 determines whether the mode has changed. If the 
update verifier 144 determines that the mode has changed, 
processing proceeds to step S44. In step S44, the mode 
updater 145 updates the value in the mode flag 142. The mode 
change pattern determiner 146 determines the mode change 
pattern in step S45, and outputs the mode determination result 
to the AF startup command output unit 123 in step S46. The 
mode change pattern determiner 146 completes the mode 
change detection process, and then returns to step S2 of FIG. 
8. The AF startup controller 82 performs step S3 and subse 
quent Steps. 

If it is determined in step S43 that the mode has not 
changed, the update verifier 144 completes the mode change 
detection process skipping steps S44 through S46, and then 
returns to step S2 of FIG. 8. The AF startup controller 82 
performs step S3 and Subsequent steps. 

With the above-referenced steps performed, the AF startup 
controller 82 easily reduces the AF process, and achieves a 
more precise AF process, thereby resulting in a high-quality 
image. 

In the above discussion, the change in the relative angle of 
the camera with respect to the Subject, as a parameter for 
controlling the AF process startup, is based on the luminance 
value of the photographed image. The parameter is not lim 
ited to the luminance value. The parameter can be calculated 
using a value other than the luminance value. Such as a value 
regarding contrast. Calculation method is not limited to the 
one described above. In the above discussion, the mean value 
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of the in-field integrated luminance value is calculated on 
each period, and the relative angle variation is calculated 
using the mean value. Alternatively, instead of the integrated 
luminance value, the mean value of the luminance values can 
be used. Instead of the mean value of the in-field integrated 
luminance value on each period, the Sum of the in-field inte 
grated luminance values can be used to calculate the relative 
angle variation. The mean values of the luminance values 
determined on a field by field basis are averaged on a per 
period basis to calculate the relative angle variation. The 
normalization operation can be performed using another 
value Such as mean integrated luminance value on a per 
period basis, instead of the latest in-field luminance values 
and the field count. Even the entire normalization operation 
can be omitted. 
A value other than the change in the relative angle of the 

camera with respect to the Subject can be used as a parameter 
for controlling the AF process startup. Another value other 
than the change in the relative angle of the camera with 
respect to the Subject can be used together with the change in 
the relative angle of the camera with respect to the subject. 

FIG. 11 illustrates an image pickup apparatus 200 in accor 
dance with another embodiment of the present invention. The 
image pickup apparatus 200 of FIG. 11, corresponding to the 
image pickup apparatus 50 of FIG.3, is generally identical in 
structure to the image pickup apparatus 50. However, an AF 
startup controller 212 in the image pickup apparatus 200, is 
different from the AF startup controller 82 in the image 
pickup apparatus 50, acquires not only the video signal Sup 
plied from the signal processor 73 but also the evaluation 
value calculated by an evaluation value calculator 211. The 
AF startup controller 212 performs the AF startup control 
process driven by the evaluation value in combination with 
the AF startup control process driven by the luminance value 
of the video signal. 

Instead of the AF controller 53 in the image pickup appa 
ratus 50 of FIG. 3, the image pickup apparatus 200 contains 
an AF controller 203. The AF controller 53 contains the 
evaluation value calculator 81 and the AF startup controller 
82 in the AF controller 53 while the AF controller 203 con 
tains the evaluation value calculator 211 and the AF startup 
controller 212. 

Unlike the evaluation value calculator 81 of FIG. 3, the 
evaluation value calculator 211 supplies the calculated evalu 
ation value not only to the AF control processor 83, but also to 
the AF startup controller 212 (as represented by an arrow 
headed solid line 221). The AF startup controller 212 perform 
not only the AF startup control driven by the luminance value 
of the video signal supplied by the signal processor 73 (as 
represented by an arrow-headed solid line 104C) but also the 
AF startup control driven by the evaluation value. Even if the 
relative angle variation is in a stable mode, the AF process is 
started in response to an evaluation value if the evaluation 
value is large. 

FIG. 12 is a block diagram illustrating in detail the AF 
startup controller 212 of FIG.11. As shown in FIG. 12, the AF 
startup controller 212 includes a relative angle variation cal 
culator 121, a mode change detector 122, an AF startup com 
mand output unit 123, and an evaluation value change detec 
tor 231. 

The evaluation value change detector 231 for detecting a 
change in the evaluation value in the AF startup control 
includes an evaluation value adder 241, a reference additional 
result holder 242, an evaluation value variation rate calculator 
243, and an evaluation value variation rate determiner 244. 
The evaluation value adder 241 stores the evaluation value 

of the latest M fields (M is an natural number), and calculates 
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the sum of the evaluation values (hadd w1 fl). If the number 
of evaluation values stored (number of fields) is yet to reach 
M (M fields), the evaluation value adder 241 stores a new 
evaluation value Supplied from the evaluation value calcula 
tor 211, and adds the new evaluation value to the stored 
interim Sum (in the middle of Summing). If the evaluation 
value adder 241 already holds the evaluation value of M fields 
and the sum result hadd w1 fl, the evaluation value adder 
241 deletes the oldest evaluation value from among the stored 
M evaluation values (of the M fields), and subtracts the value 
of the deleted oldest evaluation value from the sum result 
hadd w1 fl, stores the evaluation value supplied from the 
evaluation value calculator 211, adds that evaluation value to 
the stored sum (sum of the evaluation values of M-1), and 
calculates the sum result hadd w1 fl of the latest M fields. 
As a reference sum result hadd w1 f(), the reference addi 

tional result holder 242 stores the sum result hadd w1 fl of 
the M frames that is stored onto the evaluation value adder 
241 immediately Subsequent to stabilization (immediately 
subsequent to a shifting from the unstable mode to the stable 
mode). More specifically, if it is determined that the AF 
startup command output unit 123 outputs an AF startup com 
mand (i.e., the mode has been shifted from the unstable mode 
to the stable mode), the reference additional result holder 242 
stores the sum result hadd w1 fl as the reference sum result 
hadd w1 ft). If an existing reference sum result hadd w1 ft) 
is already stored, the reference additional result holder 242 
deletes that reference sum result hadd w1 ft), and then stores 
the sum result hadd w1 fl from the evaluation value adder 
241 as the reference sum result hadd w1 ft). 

If the value in the mode flag 142 in the mode change 
detector 122 indicates a stable mode, the evaluation value 
variation rate calculator 243 calculates an evaluation value 
variation rate q0, representing the magnitude of variation of 
the evaluation value, in accordance with equation (2), using 
the sum result hadd w1 f1 held by the evaluation value adder 
241 and the reference sum result hadd w1 f() held by the 
reference additional result holder 242, and supplies the evalu 
ation value variation rate q0 to the evaluation value variation 
rate determiner 244: 

hadd w5 f1 
Thadd w5 f() 

q0 (2) 

The evaluation value variation rate determiner 244 deter 
mines whether to perform the AF process based on the Sup 
plied evaluation value variation rate q0, and outputs the deter 
mination result to the AF startup command output unit 123. 
For example, the evaluation value variation rate determiner 
244 compares the Supplied evaluation value variation rate q0 
with a threshold value y (Y is a natural number) or 1/y. The 
evaluation value variation rate determiner 244 determines to 
perform the AF process if the condition represented by the 
following equation (3) is satisfied, and determines not to 
perform the AF process if the condition represented by the 
following equation (3) is not satisfied: 

1 (3) 
40 < , or y < q0 

The evaluation value variation rate determiner 244 also 
Supplies the determination result to the AF startup command 
output unit 123. The AF startup command output unit 123 
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Supplies a startup command to start the AF process to the AF 
control processor 83 based on the determination result of the 
mode change pattern provided by the mode change detector 
122 and the determination result provided by the evaluation 
value variation rate determiner 244. 
By using the evaluation value-driven AF startup control in 

combination, the image pickup apparatus 200 correctly per 
forms the AF startup control on the movement of the subject 
that does not influence so much on the in-field integrated 
luminance value. 
A specific example of the AF startup control of the image 

pickup apparatus 200 is described below with reference to 
FIGS. 13A and 13B. The image pickup apparatus 200 pho 
tographs an approaching Subject. 
When the Subject is approaching the image pickup appa 

ratus 200 (namely, the subject is changing from subject 251A 
to subject 251B) as shown in FIG. 13A, the photographed 
image changes as shown in FIG. 13B. The subject 251A 
(represented by a solid outline), photographed in the center of 
the photographed image, changes to the Subject 251B, which 
appears slightly larger than the Subject 251A (as represented 
a broken outline). The integral of the luminance values is 
calculated over an entire photographing frame 261. In the 
change shown FIG. 13B, there occurs no large change in the 
occupancy ratio of the Subject 251A to the photographing 
frame 261 and the occupancy ratio of the subject 251B to the 
photographing frame 261, and the in-field integrated lumi 
nance value does not change so much. Although the Subject 
becomes out of focus with the range from the image pickup 
apparatus 200 to the Subject changing, the relative angle 
variation remains Small, and the mode remains at the stable 
mode. The AF process is not started, i.e., the photographed 
image remains out of focus. 

In contrast to Such an in-field integrated luminance value, 
the evaluation value changes greatly in response to the motion 
of the subject because contrast drops with the subject off the 
in-focus position. The image pickup apparatus 200 performs 
the AF startup control using the in-field integrated luminance 
value while monitoring the change in the evaluation value. 
Even if the relative angle variation is in the stable mode, the 
image pickup apparatus 200 determines, in response to a high 
variation rate of the evaluation value, that the subject is 
approaching as shown in FIG. 13A, and thus starts the AF 
process. 
The image pickup apparatus 200 performs, in combination, 

the AF startup control driven by the evaluation value, thereby 
prevents an out-of-focus image from being captured as a 
result of unstarted AF process. The image pickup apparatus 
200 thus allows a user to easily control focus position, thereby 
leading to a reliable AF startup control. 
The AF startup control process is described below with 

reference to a flowchart of FIG. 14. The flowchart of FIG. 14 
corresponds to the flowchart of FIG. 8. 
When the AF startup control process is started, the relative 

angle variation calculator 121 in the AF startup controller 212 
performs the relative angle variation calculation process in 
step S61. The relative angle variation calculation process 
remains identical to that discussed with reference to FIG. 9, 
and the discussion thereof is omitted herein. 

In step S62, the mode change detector 122 executes the 
mode change detection process. The mode change detection 
process is identical to that discussed with reference to FIG. 
10, and the discussion thereof is omitted herein. 

In step S63, the evaluation value change detector 231 per 
forms an evaluation value change detection process. The 
evaluation value change detection process will be described 
in more detail later. 
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In step S64, the AF startup command output unit 123 

determines whether to start the AF process, based on the 
mode determination result Supplied from the mode change 
detector 122, and the determination result supplied from the 
evaluation value change detector 231. If the starting of the AF 
process is determined, the AF startup command output unit 
123 proceeds to step S65 to output the AF startup command to 
the AF control processor 83, and completes the AF startup 
control process. If the AF startup command output unit 123 
determines not to start the AF process, the AF startup com 
mand output unit 123 ends the AF startup control process 
skipping step S65. 
The AF startup control process to be executed in step S63 

of FIG. 14 is described below with reference to a flowchart of 
FIG. 15. 
When the AF startup control process is started, the evalu 

ation value adder 241 determines in step S81 whether the 
evaluation values of one period (M evaluation values) are 
stored. If it is determined that the M evaluation values are 
stored, processing proceeds to step S82. The oldest evaluation 
value is deleted from the latest sum result hadd w1 fl. Pro 
cessing proceeds to step S83 to add the newest evaluation 
value to the latest sum. If it is determined in step S81 that the 
evaluation values of one period are not stored, the evaluation 
value adder 241 proceeds to step S83 with step S82 skipped. 
The evaluation value adder 241 then adds the newest evalua 
tion value to the latest Sum. 

In step S84, the reference additional result holder 242 
acquires information as to whether the AF startup command 
output unit 123 has output the startup command, and thus 
determines whether the mode of the relative angle variation 
has been shifted from the unstable mode to the stable mode. If 
the mode of the relative angle variation has been shifted from 
the unstable mode to the stable mode, the reference additional 
result holder 242 proceeds to step S85. In step S85, the ref 
erence additional result holder 242 determines whether the 
reference sum result hadd w1 ft) has been stored thereon. If 
it is determined that the reference sum result hadd w1 f()has 
been stored, the reference additional result holder 242 deletes 
the stored reference sum result hadd w1 f() in step S86 for 
updating, and then processing proceeds to step S87. The 
reference additional result holder 242 stores, as the reference 
sum result hadd w1 ft), the latest sum (sum result 
hadd w1 fl of the evaluation values from the field before the 
current field by M fields to the current field, calculated by and 
stored on the evaluation value adder 241). When the updating 
of the reference sum result hadd w1 f) ends, the reference 
additional result holder 242 proceeds to step S88. 

If it is determined in step S85 that no reference sum result 
hadd w1 ft) has been stored, the reference additional result 
holder 242 proceeds to step S87 with step S86 skipped. The 
reference additional result holder 242 stores, as the reference 
sum result hadd w1 ft), the latest sum (sum result 
hadd w1 fl of the evaluation values from the field before the 
current field by M fields to the current field, calculated by and 
stored on the evaluation value adder 241). When the storage 
of the reference sum result hadd w1 f() is completed, the 
reference additional result holder 242 proceeds to step S88. 

If it is determined in step S84 that the mode has not been 
shifted from the unstable mode to the stable mode, the refer 
ence additional result holder 242 proceeds to step S88 with 
out updating the reference sum result. 

In step S88, the evaluation value variation rate calculator 
243 references the mode flag 142 in the mode change detector 
122 to determine whether the mode is a stable mode. If the 
mode is a stable mode, the evaluation value variation rate 
calculator 243 proceeds to step S89. The evaluation value 
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variation rate calculator 243 acquires the latest Sum result 
hadd w1 fl from the evaluation value adder 241, and the 
reference sum result hadd w1 f() from the reference addi 
tional result holder 242, and then calculates the evaluation 
value variation rate q0 based on the acquired sums. In step 
S90, the evaluation value variation rate determiner 244 com 
pares the evaluation value variation rate q0, calculated in step 
S89, with the evaluation value variation rate q0, and deter 
mines whether to perform the AF process based on the com 
parison result. In step S91, the evaluation value variation rate 
determiner 244 outputs the determination result to the AF 
startup command output unit 123 to end the evaluation value 
change detection process. Processing returns to step S63 of 
FIG. 14 to perform step S64 and subsequent steps. 

If it is determined in step S88 FIG. 15 that the image pickup 
apparatus 200 is not in the stable mode, the evaluation value 
variation rate calculator 243 ends the evaluation value change 
detection process without calculating the evaluation value 
variation rate, and returns to step S63 of FIG. 14 to perform 
step S64 and Subsequent steps. 

With the above-described process steps performed, the AF 
startup controller 212 performs a reliable AF process with 
unnecessary AF process reduced. The image pickup appara 
tus 200 thus provides a high-quality image. 

In the above discussion, the evaluation values are Summed 
over a predetermined period (M fields). The present invention 
is not limited to that method. The mean value of the evaluation 
values may be used, or the evaluation value of one field may 
be used. The evaluation value variation rate may be calculated 
based on the evaluation value of the current field and the 
evaluation value of the field at the moment the mode is shifted 
from the unstable mode to the stable mode. A rise in the 
evaluation value variation rate due to the movement of the 
subject shown in FIGS. 7A and 7B (i.e., startup of unneces 
sary AF process) is controlled by calculating the evaluation 
value variation rate from the evaluation value that is obtained 
by integrating the evaluation values over a significant dura 
tion of time (over a plurality of fields). 

The image pickup apparatus may perform the AF startup 
control taking into consideration the Sum of the relative angle 
variations of the camera with reference to the Subject, as a 
parameter for controlling the startup of the AF process. 

FIG. 16, corresponding to FIG. 4, is a block diagram illus 
trating in detail another example of the AF startup controller 
82 in the image pickup apparatus 50 of FIG. 3. 
The AF startup controller 82 of FIG. 16 includes the rela 

tive angle variation calculator 121, the mode change detector 
122, the AF startup command output unit 123, and an inte 
grated luminance value change detector 301. 
The integrated luminance value change detector 301 moni 

tors a change in the in-field integrated luminance value, and 
performs the AF startup control in response to the variation. 
The integrated luminance value change detector 301 includes 
a latest in-field integrated luminance value acquisition unit 
311, a reference in-field integrated luminance value holder 
312, an integrated luminance value variation rate calculator 
313, and an integrated luminance value variation rate deter 
miner 314. 
The latest in-field integrated luminance value acquisition 

unit 311 acquires an in-field integrated luminance value 
y now of the latest field (current field) from the in-field 
integrated luminance value calculator 131 in the relative 
angle variation calculator 121. 
The reference in-field integrated luminance value holder 

312 acquires and stores, as a reference in-field integrated 
luminance value y lip, a latest in-field integrated luminance 
value y now from the latest in-field integrated luminance 
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value acquisition unit 311 immediately Subsequent to stabi 
lization (immediately Subsequent to shifting from the 
unstable mode to the stable mode). If it is determined that the 
AF startup command output unit 123 has output an AF startup 
command (i.e., if it is determined that the apparatus has 
shifted from the unstable mode to the stable mode), the ref 
erence in-field integrated luminance value holder 312 stores, 
as the reference in-field integrated luminance value y p, the 
latestin-field integrated luminance valuey now stored on the 
latest in-field integrated luminance value acquisition unit 
311. If an existing reference in-field integrated luminance 
value y lip is present, the reference in-field integrated lumi 
nance value holder 312 first deletes the existing reference 
in-field integrated luminance value y lip, and stores, as a new 
reference in-field integrated luminance value y lip, a newest 
in-field integrated luminance valuey now stored on the latest 
in-field integrated luminance value acquisition unit 311. 

If the value in the mode flag 142 in the mode change 
detector 122 indicates the stable mode, the integrated lumi 
nance value variation rate calculator 313 calculates an inte 
grated luminance value variation rate ro indicating the mag 
nitude of a variation in the in-field integrated luminance 
value, in accordance with the following equation (4), using 
the latest in-field integrated luminance value y now from the 
latest in-field integrated luminance value acquisition unit 311 
and the reference in-field integrated luminance value y lip 
from the reference in-field integrated luminance value holder 
312, and then Supplies the integrated luminance value varia 
tion rate ro to the integrated luminance value variation rate 
determiner 314: 

y now 

The integrated luminance value variation rate determiner 
314 determines whether to perform the AF process, based on 
the Supplied integrated luminance value variation rate r(), and 
then outputs the determination result to the AF startup com 
mand output unit 123. For example, the integrated luminance 
value variation rate determiner 314 compares the supplied 
integrated luminance value variation rate ro with a predeter 
mined threshold value Ö (8 is a natural number) or 1/6. The 
integrated luminance value variation rate determiner 314 
determines to start the AF process if the following equation 
(5) is satisfied, and determines not to start the AF process if 
the following equation (5) is not satisfied: 

The integrated luminance value variation rate determiner 
314 supplies the determination result to the AF startup com 
mand output unit 123. The AF startup command output unit 
123 supplies the startup command of the AF process to the AF 
control processor 83 based on the determination result of the 
mode change pattern from the mode change detector 122 and 
the determination result from the integrated luminance value 
variation rate determiner 314. 

Using the AF startup control driven by the in-field inte 
grated luminance value in combination, the image pickup 
apparatus 200 correctly performs the AF startup control on 
the Subject free from an instantaneous sharp change in the 
in-field integrated luminance value thereof. 
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FIGS. 17A and 17B illustrate a specific example of the AF 
startup control process, in which the image pickup apparatus 
50 is slowly panned. 
As shown in FIG. 17A, the user slowly pans the image 

pickup apparatus 50 from left to right (i.e., the photographing 
direction slowly changed). In the same way as shown in FIG. 
6A, although at a slower speed, the Subject, which was ini 
tially outside the photographing frame 321 (as subject 323A), 
slowly enters the photographing frame 321 in the panning 
operation. As the image pickup apparatus 50 further pans, the 
Subject was fully inside the photographing frame 321 (as 
subject 323B), and then leaves the photographing frame 321 
from the left side thereof (as subject 323C). 

If the image pickup apparatus 50 is slowly panned in this 
way, the in-field integrated luminance value changes gradu 
ally at a generally constant rate as represented by a curve 324 
of FIG. 17B. Since the relative angle variation rate responsive 
to a change in the in-field integrated luminance value per unit 
time (i.e., per field) does not fluctuate greatly, the mode 
remains a stable mode, and the panning operation ends with 
the AF process unstarted (with the focus position fixed). 
When the image pickup apparatus 50 is slowly panned at a 

constant speed, the user typically wishes to focus on the 
subject (such as the subject 323B) during panning. The AF 
startup controller 82 of FIG. 16 can perform precise focus 
position control at a slow panning speed. To focus on the 
subject 323B with the AF process started, the AF startup 
controller 82 thus performs the AF startup control process 
based on not only the magnitude of change in the relative 
angle variation (corresponding to the slope of the curve 324 of 
FIG. 17B) but also the change in the in-field integrated lumi 
nance value (corresponding to a difference between two 
points along the curve 234 of FIG. 17B). 

If the in-field integrated luminance value changes from the 
in-field integrated luminance value at a field in the shifting to 
the stable mode by a predetermined rate (ö) or more, the AF 
startup controller 82 of FIG. 16 starts the AF process by 
determining that the content of the photographed image 
changes (i.e., that a new Subject is being photographed or that 
a currently photographed is going out of the photographing 
frame 321), and then starts the AF process. 

With the AF startup control performed, the image pickup 
apparatus 50 including the AF startup controller 82 of FIG.16 
uses the AF startup control process using the variation rate of 4 
the in-field integrated luminance value. The image pickup 
apparatus 50 thus prevents the photographed image from 
being out of focus with the AF process unstarted. More spe 
cifically, the image pickup apparatus 200 allows the user to 
easily control the focus position, and to perform a reliable AF 
startup control process. 
The AF startup control process is described below with 

reference to a flowchart of FIG. 18. The flowchart of FIG. 18 
corresponds to the flowcharts of FIG. 8 and FIG. 13. 
When the AF startup control process is started, the relative 

angle variation calculator 121 in the AF startup controller 212 
executes a relative angle variation calculation process in step 
S111. The relative angle variation calculation process is iden 
tical to that previously described with reference to the flow 
chart of FIG. 9, and the discussion thereof is omitted herein. 

In step S112, the mode change detector 122 executes a 
mode change detection process. The mode change detection 
process is identical to that previously described with refer 
ence to the flowchart of FIG. 10, and the discussion thereof is 
omitted herein. 

In step S113, the integrated luminance value change detec 
tor 301 performs an in-field integrated luminance value 
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change detection process. The in-field integrated luminance 
value change detection process will be described in detail 
later. 

In step S114, the AF startup command output unit 123 
determines whether to start the AF process, based on the 
mode determination result Supplied from the mode change 
detector 122, and the determination result supplied from the 
integrated luminance value change detector 301. Upon deter 
mining that the AF process is to start, the AF startup command 
output unit 123 proceeds to step S115 to output an AF process 
startup command, and then ends the AF startup control pro 
cess. If it is determined in step S114 that the AF process is not 
to start, the AF startup command output unit 123 ends the AF 
startup control process with step S115 skipped. 
The in-field integrated luminance value change detection 

process executed in step S113 of FIG. 18 is described in detail 
below with reference to a flowchart of FIG. 19. 
When the in-field integrated luminance value change 

detection process is started, the latest in-field integrated lumi 
nance value acquisition unit 311 acquires the latest in-field 
integrated luminance value y now from the relative angle 
variation calculator 121 in step S131. In step S132, the refer 
ence in-field integrated luminance value holder 312 acquires 
information as to whether the AF startup command output 
unit 123 has issued the startup command, determines whether 
the mode of the relative angle variation has shifted from the 
unstable mode to the stable mode, and processing proceeds to 
step S133 if it is determined the mode has shifted to the stable 
mode. In step S133, the reference in-field integrated lumi 
nance value holder 312 determines whether the reference 
in-field integrated luminance value y lip is stored therewithin. 
If it is determined that the reference in-field integrated lumi 
nance value y lip is stored, the reference in-field integrated 
luminance value holder 312 deletes the stored reference in 
field integrated luminance value y lip in step S134 to update 
the reference in-field integrated luminance value y lip. In step 
S135, the reference in-field integrated luminance value 
holder 312 stores the latest in-field integrated luminance 
value y now as the reference in-field integrated luminance 
value y jp. When the updating of the reference in-field inte 
grated luminance value y lip is completed, the reference in 
field integrated luminance value holder 312 proceeds to step 
S136. 

If it is determined in step S133 that the reference in-field 
5 integrated luminance value y lip is not stored, the reference 

in-field integrated luminance value holder 312 proceeds to 
step S135 skipping step S134 to store the latest in-field inte 
grated luminance value y now as the reference in-field inte 
grated luminance value yip. When the storage of the refer 
ence in-field integrated luminance value y lip is completed, 
the reference in-field integrated luminance value holder 312 
proceeds to step S136. 

If it is determined in step S132 that the mode has not shifted 
from the unstable mode to the stable mode, the reference 
in-field integrated luminance value holder 312 proceeds to 
step S136 without updating the reference in-field integrated 
luminance value y lip. 

In step S136, the integrated luminance value variation rate 
calculator 313 references the mode flag 142 in the mode 
change detector 122 to determine whether the mode is cur 
rently a stable mode. If it is determined that the mode is 
currently a stable mode, the integrated luminance value varia 
tion rate calculator 313 proceeds to step S137. The integrated 
luminance value variation rate calculator 313 acquires the 
latest in-field integrated luminance value y now from the 
latest in-field integrated luminance value acquisition unit 311 
and the reference in-field integrated luminance value y lip 
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from the reference in-field integrated luminance value holder 
312, and calculates the integrated luminance value variation 
rate r() based on the acquired values. In step S138, the inte 
grated luminance value variation rate determiner 314 com 
pares the integrated luminance value variation rate ro, calcu 
lated in step S137, with a predetermined threshold value. The 
integrated luminance value variation rate determiner 314 
determines, based on the comparison result, whether to start 
the AF process. In step S139, the integrated luminance value 
variation rate determiner 314 outputs the determination result 
to the AF startup command output unit 123, and completes the 
in-field integrated luminance value change detection process. 
Processing proceeds to step S113 of FIG. 18 to perform step 
S114 and Subsequent steps. 

If it is determined in step S136 of FIG. 10 that the mode is 
not currently a stable mode, the integrated luminance value 
variation rate calculator 313 ends the in-field integrated lumi 
nance value change detection process without calculating the 
integrated luminance value variation rate r(). Processing 
returns to step S113 of FIG. 18 to perform step S114 and 
Subsequent steps. 
The AF startup controller 82 of FIG.16thus reduces the AF 

process eliminating the unnecessary portion thereof. For 
example, when the user pans the image pickup apparatus 
slowly at a constant speed, the AF startup controller 82 
focuses on a Subject the user may wish to photograph and 
starts the AF process for focusing. The AF process is thus 
reliably performed, resulting in a high-quality image. The AF 
process is equally reliably performed on the tilting operation, 
as well. 
The above-described process steps may be performed 

using hardware or software. If the process steps are per 
formed using software, a computer program forming the Soft 
ware can be installed from a recording medium or via a 
network. 
The recording medium may include the removable 

medium 97 that is supplied separate from the apparatus body 
to Supply the user with the computer program. The recording 
medium may also include the ROM 91 or the recording unit 
94 (including a hard disk), each of which stores the computer 
program and is Supplied in the apparatus body to the user. 
The process steps forming the computer program stored on 

the recording medium can be performed in the sequential 
time-series order stated herein. Alternatively, the process 
steps may be performed in parallel or separately. 
The apparatus described herein can be split among a plu 

rality of units. Alternatively, an arrangement described as a 
plurality of units can be integrated into a single apparatus. An 
element, which is not described above, can be added to the 
system. As long as the entire apparatus remains unchanged in 
structure and operation, a portion of one unit can be included 
into another unit. 

It should be understood by those skilled in the art that 
various modifications, combinations, Sub-combinations and 
alterations may occur depending on design requirements and 
other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 
What is claimed is: 
1. A control apparatus for controlling a driver driving an 

optical element of an image pickup device to adjust a focus 
position of the image pickup device in the capturing of an 
image of a subject, the control apparatus comprising: 

relative angle variation calculating means for calculating a 
relative angle variation, the relative angle variation 
being a change per unit time of a relative angle of the 
image pickup device with respect to the Subject, the 
relative angle variation calculating means including 
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in-field integrated luminance value calculating means for 

calculating an in-field integrated luminance value 
through integrating a luminance value of each pixel of 
the captured image of the subject within a field, 

mean value calculating means for calculating the mean 
value of the in-field integrated luminance values, calcu 
lated by the in-field integrated luminance value calcu 
lating means, within a time range having a predeter 
mined time length, 

difference calculating means for calculating a difference 
value between the mean value of a first time range, equal 
to the time range having the predetermined time length, 
containing the current field and the mean value of a 
second time range immediately prior to the first time 
range, each mean value calculated by the mean value 
calculating means, and 

normalizing means for normalizing the difference value, 
calculated by the difference calculating means, with the 
in-field integrated luminance value of the current field 
and the length of the time range, and handling the nor 
malized difference value as the relative angle variation; 

mode change detecting means for detecting of a change of 
a mode of the relative angle variation through determin 
ing whether the mode of the relative angle variation, 
calculated by the relative angle variation calculation 
means, is a stable mode involving a small amount of 
change oran unstable mode involving a large amount of 
change; and 

focus position control process startup means for managing 
a startup of a focus position control process, the focus 
position control process for controlling the focus posi 
tion through controlling the driver in response to a pat 
tern of the change of the mode detected by the mode 
change detecting means. 

2. The control apparatus according to claim 1, further com 
prising focus position control process executing means for 
executing the focus position control process started by the 
focus position control process startup means. 

3. The control apparatus according to claim 1, wherein the 
focus position control process startup means starts the focus 
position control process if the change of the mode detected by 
the mode change detecting means is a change from the 
unstable mode to the stable mode. 

4. The control apparatus according to claim 1, wherein the 
focus position control process startup means starts the focus 
position control process only if the change of the mode 
detected by the mode change detecting means is a change 
from the unstable mode to the stable mode. 

5. The control apparatus according to claim 1, wherein the 
in-field integrated luminance value calculating means inte 
grates the luminance value of each pixel in a predetermined 
area in the captured image and handles the resulting value as 
the in-field integrated luminance value. 

6. The control apparatus according to claim 5, wherein the 
predetermined area is set up independently of an area over 
which a parameter for use in the focus position control pro 
cess is calculated. 

7. The control apparatus according to claim 5, wherein the 
predetermined area contains an area over which a parameter 
for use in the focus position control process is calculated. 

8. The control apparatus according to claim 5, wherein the 
predetermined area is the entire captured image. 

9. The control apparatus according to claim 1, wherein the 
mode change detecting means comprises: 
mode determining means for comparing the relative angle 

variation, calculated by the relative angle variation cal 
culating means, with a predetermined threshold value, 
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and determining that the mode is a stable mode if the 
relative angle variation is Smaller than the predeter 
mined threshold value and determining that the mode is 
an unstable mode if the relative angle variation is equal 
to or greater than the predetermined threshold value; 

update verifying means for verifying, based on the deter 
mination result of the mode determining means, whether 
the setting of the mode is updated; and 

mode change pattern determining means for determining 
the pattern of the change of the mode at the updating of 
the mode setting verified by the update verifying means. 

10. The control apparatus according to claim 1, further 
comprising evaluation value calculating means for calculat 
ing an evaluation value, evaluating an out-of-focus level of 
the captured image of the Subject, as a parameter for the focus 
position control process; and 

evaluation value change detecting means for detecting a 
change in the evaluation value calculated by the evalu 
ation value calculating means, 

wherein the focus position control process startup means 
starts the focus position control process in response to 
the change in the evaluation value detected by the evalu 
ation value change detecting means even if the mode 
change detecting means does not detect a change in the 
mode with the mode remaining to be the stable mode. 

11. The control apparatus according to claim 10, wherein 
the evaluation value change detecting means comprises: 

evaluation value addition calculating means for adding the 
evaluation values, calculated by the evaluation value 
calculating means, in each predetermined time range; 

reference addition result storage means for storing, as a 
reference addition result, an addition result obtained at 
the shifting from the unstable mode to the stable mode, 
from among the addition results obtained as a result of 
addition performed by the evaluation value addition cal 
culating means; 

evaluation value variation rate calculating means for cal 
culating an evaluation value variation rate based on the 
addition result provided by the evaluation value addition 
calculating means and the reference addition result 
stored on the reference addition result storage means; 
and 

evaluation value variation rate determining means for 
determining whether to start the focus position control 
process, based on the evaluation value variation rate 
calculated by the evaluation value variation rate calcu 
lating means. 

12. The control apparatus according to claim 1, further 
comprising integrated luminance value change detecting 
means for detecting a change in an in-field integrated lumi 
nance value based on the in-field integrated luminance value 
calculated by the relative angle variation calculating means, 

wherein the focus position control process startup means 
starts the focus position control process in response to 
the change in the in-field integrated luminance value 
detected by the integrated luminance value change 
detecting means even if the mode change detecting 
means detects no change in mode with the mode remain 
ing to be the stable mode. 

13. The control apparatus according to claim 12, wherein 
the integrated luminance value change detecting means com 
prises: 

latest in-field integrated luminance value acquisition 
means for acquiring the latest in-field integrated lumi 
nance value calculated by the relative angle variation 
calculating means; 
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reference in-field integrated luminance value storage 
means for storing, as a reference in-field integrated lumi 
nance value, the in-field integrated luminance value 
obtained at the shifting from the unstable mode to the 
stable mode, from among the in-field integrated lumi 
nance values acquired by the latest in-field integrated 
luminance value acquisition means; 

integrated luminance value variation rate calculating 
means for calculating an integrated luminance value 
variation rate as a variation rate of the in-field integrated 
luminance value, based on the latest in-field integrated 
luminance value acquired by the latestin-field integrated 
luminance value acquisition means and the reference 
in-field integrated luminance value stored on the refer 
ence in-field integrated luminance value Storage means; 
and 

integrated luminance value variation rate determining 
means for determining whether to start the focus posi 
tion control process, based on the integrated luminance 
value variation rate calculated by the integrated lumi 
nance value variation rate calculating means. 

14. A control method of a control apparatus for controlling 
a driver driving an optical element of an image pickup device 
to adjust a focus position of the image pickup device in the 
capturing of an image of a subject, the control method com 
prising: 

a relative angle variation calculating step of calculating a 
relative angle variation, based on the captured image of 
the Subject provided by the image pickup device, the 
relative angle variation being a change per unit time of a 
relative angle of the image pickup device with respect to 
the subject, the relative angle variation calculating step 
including 
an in-field integrated luminance value calculating step of 

calculating an in-field integrated luminance value 
through integrating aluminance value of each pixel of 
the captured image of the subject within a field, 

a mean value calculating step of calculating the mean 
value of the in-field integrated luminance values, cal 
culated by the in-field integrated luminance value cal 
culating step, within a time range having a predeter 
mined time length, 

a difference calculating step of calculating a difference 
value between the mean value of a first time range, 
equal to the time range having the predetermined time 
length, containing the current field and the mean value 
of a second time range immediately prior to the first 
time range, each mean value calculated by the mean 
value calculating step, and 

a normalizing step of normalizing the difference value, 
calculated by the difference calculating step. with the 
in-field integrated luminance value of the current field 
and the length of the time range, and handling the 
normalized difference value as the relative angle 
variation; 

a mode change detecting step of detecting of a change of a 
mode of the relative angle variation through determining 
whether the mode of the relative angle variation, calcu 
lated in the relative angle variation calculation step, is a 
stable mode involving a Small amount of change or an 
unstable mode involving a large amount of change; 

a startup determination step of determining whether to start 
a focus position control process, the focus position con 
trol process for controlling the focus position through 
controlling the driver in response to a change pattern of 
the change of the mode detected in the mode change 
detecting step; and 
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a focus position control process startup step of starting the 
focus position control process based on the determina 
tion result of the start determination step in order to 
cause the driver to adjust the focus position. 

15. A computer-readable storage medium encoded with 5 
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through integrating aluminance value of each pixel of 
the captured image of the subject within a field, 

mean value calculating means for calculating the mean 
value of the in-field integrated luminance values, cal 
culated by the in-field integrated luminance value cal 
culating means, within a time range having a prede 
termined time length, 

difference calculating means for calculating a difference 
value between the mean value of a first time range, 
equal to the time range having the predetermined time 

computer program instructions which when executed by a 
computer cause a processor to execute a method to control a 
driver driving an optical element of an image pickup device to 
adjust a focus position of the image pickup device in the 
capturing of an image of a subject, the method comprising: 10 

a relative angle variation calculating step of calculating a 
relative angle variation, based on the captured image of 
the Subject provided by the image pickup device, the 
relative angle variation being a change per unit time of a 

length, containing the current field and the mean value 
of a second time range immediately prior to the first 
time range, each mean value calculated by the mean 
value calculating means, and 

relative angle of the image pickup device with respect to 15 normalizing means for normalizing the difference value, 
the Subject, the relative angle variation calculating step calculated by the difference calculating means, with 
including the in-field integrated luminance value of the current 
an in-field integrated luminance value calculating step of field and the length of the time range, and handling the 

calculating an in-field integrated luminance value normalized difference value as the relative angle 
through integrating aluminance value of each pixel of 20 Variation; 
the captured image of the subject within a field, mode change detecting means for detecting of a change of 

a mean value calculating step of calculating the mean a mode of the relative angle variation through determin 
value of the in-field integrated luminance values, cal- ing whether the mode of the relative angle variation, 
culated by the in-field integrated luminance value cal- calculated by the relative angle variation calculation 
culating step, within a time range having a predeter- 25 means, is a stable mode involving a small amount of 
mined time length, change oran unstable mode involving a large amount of 

a difference calculating step of calculating a difference change; 
value between the mean value of a first time range, focus position control process startup means for managing 
equal to the time range having the predetermined time a startup of a focus position control process, the focus 
length, containing the current field and the mean value position control process for controlling the focus posi 
of a second time range immediately prior to the first tion through controlling the driver in response to a pat 
time range, each mean value calculated by the mean tern of the change of the mode detected by the mode 
value calculating step, and change detecting means; and 

a normalizing step of normalizing the difference value, focus position control process executing means for execut 
35 ing the focus position control process, started by the calculated by the difference calculating step, with the 

in-field integrated luminance value of the current field 
and the length of the time range, and handling the 
normalized difference value as the relative angle 
variation; 

a mode change detecting step of detecting of a change of a 
mode of the relative angle variation through determining 
whether the mode of the relative angle variation, calcu 
lated in the relative angle variation calculation step, is a 
stable mode involving a Small amount of change or an 

focus position control process startup means, the focus 
position control process controlling the driver to control 
the focus position. 

17. A control apparatus for controlling a driver driving an 
40 optical element of an image pickup device to adjust a focus 

position of the image pickup device in the capturing of an 
image of a subject, the control apparatus comprising: 

a relative angle variation calculating unit configured to 
calculate a relative angle variation, the relative angle 

45 variation being a change per unit time of a relative angle unstable mode involving a large amount of change; 
determination step of determining whether to start of the image pickup device with respect to the Subject, 

a startup determination step 9. the relative angle variation calculating unit including 
a focus position control process, the focus position con- an in-field integrated luminance value calculating unit 
trol process for controlling the focus position through configured to calculate an in-field integrated lumi 
i.atting th st R E. a st of 50 nance value through integrating a luminance value of 
the change of the mode detected in the mode change each pixel of the captured image of the subject within 
detecting step; and a field 

a focus position control process startup step of starting the a mean value calculating unit configured to calculate the 
focus position control process based on the determina- mean value of the in-field integrated luminance val 
tion result of the start determination step in order to ss ues, calculated by the in-field integrated luminance 
cause the driver to adjust the focus position. 

16. A camera having an image pickup device capturing an 
value calculating unit, within a time range having a 
predetermined time length, 

image of a Subject, and a driver adjusting a focus position in 
the capturing of the image of the Subject through the image 
pickup device, the camera comprising: 60 

relative angle variation calculating means for calculating a 

a difference calculating unit configured to calculate a 
difference value between the mean value of a first time 
range, equal to the time range having the predeter 

relative angle variation, the relative angle variation 
being a change per unit time of a relative angle of the 
image pickup device with respect to the Subject, the 
relative angle variation calculating means including 
in-field integrated luminance value calculating means 

for calculating an in-field integrated luminance value 
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mined time length, containing the current field and the 
mean value of a second time range immediately prior 
to the first time range, each mean value calculated by 
the mean value calculating unit, and 

a normalizing unit configured to normalize the differ 
ence value, calculated by the difference calculating 
unit, with the in-field integrated luminance value of 
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the current field and the length of the time range, and 
configured to handle the normalized difference value 
as the relative angle variation: 

a mode change detecting unit configured to detect a change 
of a mode of the relative angle variation through deter- 5 
mining whether the mode of the relative angle variation, 
calculated by the relative angle variation calculating 
unit, is a stable mode involving a small amount of 
change or an unstable mode involving a large amount of 
change; and 10 

a focus position control process startup unit configured to 
manage a startup of a focus position control process, the 
focus position control process configured to control the 
focus position through controlling the driver in response 
to a pattern of the change of the mode detected by the 15 
mode change detecting unit. 

18. A camera having an image pickup device capturing an 
image of a subject, and a driver driving an optical element to 
adjust a focus position in the capturing of the image of the 
Subject through the image pickup device, the camera com- 20 
prising: 

a relative angle variation calculating unit configured to 
calculate a relative angle variation, the relative angle 
Variation being a change per unit time of a relative angle 
of the image pickup device with respect to the subject, 
the relative angle variation calculating unit including 
an in-field integrated luminance value calculating unit 

configured to calculate an in-field integrated lumi 
nance value through integrating a luminance value of 
each pixel of the captured image of the subject within 
a field, 

a mean value calculating unit configured to calculate the 
mean value of the in-field integrated luminance val 
ues, calculated by the in-field integrated luminance 
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value calculating unit, within a time range having a 
predetermined time length, 

a difference calculating unit configured to calculate a 
difference value between the mean value of a first time 
range, equal to the time range having the predeter 
mined time length, containing the current field and the 
mean value of a second time range immediately prior 
to the first time range, each mean value calculated by 
the mean value calculating unit, and 

a normalizing unit configured to normalize the differ 
ence value, calculated by the difference calculating 
unit, with the in-field integrated luminance value of 
the current field and the length of the time range, and 
configured to handle the normalized difference value 
as the relative angle variation; 

a mode change detecting unit configured to detect a change 
of a mode of the relative angle variation through deter 
mining whether the mode of the relative angle variation, 
calculated by the relative angle variation calculating 
unit, is a stable mode involving a small amount of 
change or an unstable mode involving a large amount of 
change; 

a focus position control process startup unit configured to 
manage a startup of a focus position control process, the 
focus position control process configured to control the 
focus position through controlling the driver in response 
to a pattern of the change of the mode detected by the 
mode change detecting unit; and 

a focus position control process executing unit configured 
to execute the focus position control process, started by 
the focus position control process startup unit, the focus 
position control process configured to control the driver 
to control the focus position. 


